Here is a book which deals with an important 
phase of modern college and university work— 
4ie work of producing detailed facts and fig- 
„res with accuracy and at a speed commen¬ 
surate with the advance of our present day 
tnowledge and culture. Education has pro¬ 
gressed with tremendous strides during the 
cast ten years; sciences have gone forward on 
every hand, until today the question of further 
tnowledge rests largely on our ability to pro¬ 
duce the necessary data rapidly and economi¬ 
cally. 

Since 1835, the punched card method of 
•abulating and accounting has been used with 
•^creasing success by government and business 
ia many countries. Today, it is being applied to 
—e work of schools, colleges and universities 
with outstanding success. This modern method 
rf tabulating and analyzing facts and figures is 
i- electric one which functions automatically 
at great speed. In many branches of education 
- is bringing to light more facts in greater de- 
*ail than was ever before possible. It is relieving 
-e mathematical statistician of tedious man¬ 
ual computations and takes the sting out of such 
-me consuming tasks as sorting and classifying 
a*ge quantities of words or figures. 

In addition to education and research, the 
»:-i of university and college administration 
s ably covered in this work. As Mr. Baehne 
points out: "The college has become a small 
city. with all its attendant, complex problems. 
*T-th decreasing income and increasing ex- 
p«-ses, balanced budgets are difficult to strike. 
*s outworn and tedious accounting programs 
r* another day have become impractical and 
■effectual, more efficient methods of control 
ead cost analysis have become imperative." 

This volume is an interesting exposition of 
—« punched card method as it applies to col¬ 
aces and universities, and since so many of 
-*e problems that it deals with have their anal- 
rc es in commerce and industry it will be found 
■enable outside of the field for which it is 
r—arily intended. 
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FOREWORD 


T^HE appearance of a volume such as this, pointing out specific methods for 

the utilization of punched card equipment, will be welcomed by the increasing 
number of educational institutions which are undertaking to facilitate both their 
routine recording processes and their work in research. At a first glance these 
two uses of the punched card machines seem widely separated. Recording 
and accounting, necessary and essential functions in all educational institu¬ 
tions if the sinews of war are to he supplied to the educational world, are 
nevertheless often viewed as purely matters of routine which the average edu¬ 
cator would dispense with if he dared. On the other hand, his research and 
instruction have been viewed as almost entirely in the realm of language and 
thought and not in any sense as matters which can be facilitated by machines. 
To be sure, the mechanically inclined mathematician and the engineer have 
developed many ingenious devices which aid their calculations. In recent 
years they have even considered it desirable to instruct students in the use 
of such machinery and to urge them to substitute mechanical methods for la¬ 
borious hand calculations. Nevertheless it is only recently that recognition of 
the laboratory, and of technical methods, has gained any foothold in many of 
the subjects taught in our educational institutions. 

We are even now only faintly aware of the diminishing differences between 
the costs of instruction and research in the so-called laboratory sciences and 
in the social sciences and humanities. Many who are thoroughly convinced 
of the possibilities of research in these latter fields, and as a matter of fact 
have themselves engaged in such research for many years, are still unconvinced 
of the need for mechanical appliances of the type here discussed. It also comes 
as a shock to those who supply the financial needs of educational institutions 
to realize that the expense in laboratory facilities and mechanical contrivances 
which is being requested by these Reids is only the forerunner of increasing 
requests of a similar type. They have fondly hoped that the expensive labora¬ 
tory demanding equipment of all types would remain limited to mechanics and 
physical sciences in which they first began. 

The social scientist now realizes that many of the problems which he under¬ 
takes to solve can be managed on a machine basis whereas in earlier years he 
would not have undertaken them at all because of the enormous amount of 
hand labor involved. It is true that in none of the fields of research have 
machines reduced the necessity for clear thinking and accurate observations, 
but they have, notwithstanding, enormously reduced the labor of putting 
data in shape for these essential processes. Mr. Baehne and his associates are 
to he commended for their effort to place before research workers and the in- 
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structing staff of our educational institutions the experience of pioneers in 
the use of the Punched Card Method. It is to be hoped that the appearance 
of this hook will encourage many others to experiment with these and similar 
machines in order that greater and greater use may be made of such excellent 
devices. 


C. S. Yoakum. 

Ann Arbor, Michigan. 

January 15, 1935. 
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EDITOR'S PREFACE 


F OR many years the Punched Card Method, also variously known as the 
Hollerith, Tabulating Machine, or Electric Accounting Machine Method, has 
played an important albeit silent part in the work of leading universities. 

Developed originally almost fifty years ago for tabulating census data, its 
application to other fields was rapid and eminently successful. Commerce and 
Industry, Institutions and Governments throughout the world have found in 
it a matchless tool for an almost infinite variety of statistical and accounting 
tasks. 

It is not always clear that mechanical calculation has become as utilitarian 
and necessary to educational institutions as mathematics and that its develop¬ 
ment is, in fact, the natural outgrowth of the statistical method of approach 
to modem learning. 

We have only to examine the last census in support of the first of these 
contentions. In the past three decades of this century the population of the 
United States increased approximately sixty-one per cent. During the same 
period the number of students enrolled in our colleges and universities grew 
850 per cent, or nearly fourteen times faster than the rise in population. At 
present close to one million men and women are studying for degrees. Hundreds 
of thousands more do extension work or take casual courses in summer schools. 
The college has become a small city with all the problems familiar to a small 
city. Moreover, with decreasing income and increasing expenses balanced 
budgets are difficult to strike. As outworn and tedious accounting programs 
of another day have becomei impractical and ineffectual, more efficient methods 
of control and cost analysis have become imperative. 

Obviously, then, since universities and colleges have participated in a world 
growth the problems raised by this expansion outside of these centers of learn¬ 
ing are no strangers to it. Problems of group control familiar to a govern¬ 
ment or industry are just as familiar in a restricted way to a smaller body 
with similar aims and ideals. The economies that any social group can effect 
by adopting mechanical technique in management are economies a university 
can likewise effect by the same methods. Fundamentally, it is administration 
plus expansion of detail. A college dollar can be just as well or poorly spent 
as any other dollar. 

Just as the population has grown and forced overboard the older methods 
of regulation, so has the scope of education expanded and radically altered the 
technique of scientific inquiry. The modern inquisitive trend is so entirely 
devoid of limitations that there is no possible way of predicting what statistical 
problem may be raised at any time. In the various sciences the demand now 
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is for knowledge and more knowledge regarding changes and trends which 
represent complicated and time-consuming arithmetical labor. Medicine, Law 
and Education, the Natural and Social Sciences, and even the Humanities all 
impose burdens of calculation and tabulation with absolute disrespect for the 
possible time involved. 

This has resulted from the logical development of statistical thought. It 
has been gradual rather than precipitate, with its true origin in the 17th 
century of Galileo and Newton. However, the very modem phase has occurred 
within the past thirty odd years, the era of Thomson, Millikan and Einstein. 
Thought itself has changed. Just as in the 17th century when the statistical 
approach was first evolved the original mechanical calculator was invented, so, 
in recent years, numerous high speed calculating machines have been perfected, 
in common with the Punched Card Method, as the need for them became per¬ 
emptory. In our day, when neat classifications are falling before the onslaught 
of a great curiosity about the various and detailed, rapid and accurate devices 
for making the requisite quantitative analyses are an absolute necessity. The 
machinery did not precede the trend, it did evolve as a result of a very basic 
need created by fundamental thought changes. 

Statistical projects formerly prohibitive in time and money have suddenly 
become practical. No matter what the material on hand, economical surveys 
can be made from every pertinent point of view. The net result is that what¬ 
ever it is advantageous to know can be revealed, whether that item is a manu¬ 
facturing cost, a suspected cosmic variation, or a complex problem in budgetary 
administration. 

So numerous are the uses of the Punched Card Method in colleges and uni¬ 
versities and so great the interest shown by these institutions that the prepara¬ 
tion of this volume was a logical development. In a way this book constitutes 
an act of self-defense on the part of many of its contributors, whose time has 
been severely taxed by trying to take care of a growing volume of inquiries 
concerning their experiences with this method. 

Briefly, the object of this book is threefold: (1) To assist those engaged 
in statistical research to select methods which will lighten their burden of 
detail and give them more time for productive work; (2) To introduce new 
norms for measuring the practicability of large scale statistical studies that 
have not been undertaken in the past because of the prohibitive expense of 
hand methods, and (3) To assist university administrators to reduce the ex¬ 
penses and increase the efficiency of their institutions. 

“How,” it may be asked, “is it possible for one system to be applied effi¬ 
ciently to so widely different purposes?” The answer to this question must 
needs be found within the covers of the book itself. No few words can ade¬ 
quately tell what the Punched Card Method is or what it does, but the reader’s 
attention is called to a brief summarization of the subject on pp. 4 to 8 ff. 

A few remarks regarding the arrangement of the book may not be amiss. 
It was felt at the outset that our readers would prefer authoritative articles 
actually prepared by the users of the method in the various universities to a 
general theoretical discussion of the subject. All chapters of this book have, 
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therefore, been written by men of recognized position and authority, many of 
whom spent years in perfecting the methods here described. 

The chief disadvantage of this otherwise most desirable arrangement is the 
fact that it has resulted in a certain amount of unavoidable duplication. While, 
in general, the scheme has been to separate the various applications according 
to the usual division of activities in universities, this has not always been 
possible. In those cases footnotes call attention to other parts of the book 
where similar applications are described. 

In order to simplify the reprinting of individual parts of this volume, 
appendices which would normally be relegated to the end of the book have 
been inserted immediately following their corresponding chapters. 

No attempt has been made to explain in detail the routine procedures that 
are used. These vary with the types of machines employed, the volume of 
data and other considerations and have to be worked out to fit a particular 
situation. The principal aim has been to show what the Punched Card Method 
can do and why it can do it, with the how delegated to a secondary place. 

Users of the punched card method are naturally progressive and it may be 
assumed that by the time this book reaches the reader important additional 
applications will have been developed and improvements made in existing 
methods. There are still many possible uses which have never been investigated. 
The application of tabulating machines to new fields of work in education is a 
project which deserves and which will repay careful research. 

Our sincere thanks are due to our contributors, who have given freely of 
their time and experience and have cooperated unhesitatingly in adjusting their 
chapters to meet the needs of the book. If others will realize that there is 
here presented a unique tool for effecting economies, for increasing coordination 
of institutional activities and for doing statistical research on a scale which 
seemed impossible before, the book will have served its purpose. 

G. W. Baehne. 

New York, January, 1935. 
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PART I 


Development and Principles of the Punched Card Method 

(Hollerith) 

By 

Herbert Arkln 

Department of Economics, The College of the City of New Torle. 


Development 

Tj 1 YEN the briefest account of man’s search for some means to make arith- 
■ LJ metical calculation “easier” must touch upon its ancient history. Remark¬ 
able as it may seem, the first mechanical calculator, knotted strings, dates back 
further than the Ptolemies. 

From very early times the science of mathematics suffered from tedium 
imposed by mental calculation. The primitive Roman abacus, which stated an 
arithmetical problem in terms of physical counters, permitted the early mathe¬ 
matician to see his calculation while he thought it out. This was the first step 
and proved so sound that variations of the abacus are still in use in the Orient. 

In the 17th century a refinement of the abacus produced Pascal’s mechanical 
calculator. It is significant that this occurred the year Newton was born and 
fifty-eight years before Newton and Leibnitz published their papers on integral 
and differential calculus. What the Pascal calculator did, a thing the abacus did 
not do, was to further eliminate mental effort by producing a total after the 
problem had been stated on numbered discs. This was the second step and 
reduced the element of error in rapid calculation to the accurate manipulation 
of the number-setting discs. Like the abacus the Pascal calculator was so 
sound in principle that beyond perfection of detail few changes have been 
effected down to our day. 

The third step in rapid and accurate arithmetical calculation did not occur 
until the early part of the 19th century. It is important to remember that this 
third step represented an entirely different approach to the whole problem. 
The principle of visualizing the calculation was dropped in so much as this 
necessitated a constant correct perception on the part of the operator. The 
arithmetical process, from statement to answer, was made mechanical and auto¬ 
matic. This is the basis of the Hollerith card punching system. 
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Babbage, influenced by a system of punched cards used in pattern loom 
weaving, invented the “analytical engine.” All hand operations were dis¬ 
carded and pre-punched cards replaced the numerous finger operations. Scheutz, 
a Swedish printer, later introduced a refinement in the mechanical operation of 
the calculating machine itself. It remained for Dr. Herman Hollerith, whose 
system is used by the authors of this book, to perfect the inventions of Babbage 
and Scheutz and to make the first successful application. 

During the latter half of the 19th century a pressing need was felt for 
some mechanical aid to expedite the complicated and Herculean labor of taking 
the census. Dr. Hollerith, a noted statistician, had been engaged by the United 
States Government as special agent during the census of 1880. At that time 
it was feared that the next census would, owing to population increases readily 
observable, be worthless by the time it could be completed. Dr. Hollerith 
realized that some mechanical aid would be necessary to avoid complete failure. 
He developed his system for transcribing the census data onto paper strips 
(now cards) by means of holes punched instead of numbers written. The 
punched holes would then actuate the automatic accounting and tabulating 
machinery by a very simple electromagnetic principle. 

It was first tried in the tabulation of vital statistics in several states and 
by the Board of Health in New York City. A commission appointed by the 
United States Superintendent of the Census made a thorough and practical 
test of all systems of tabulation and reported that the Hollerith method of card 
punching could transcribe census records in three-fourths of the time required 
by other systems. As this commission further stated that the data could be 
tabulated eight times faster by the Hollerith Electric Counting Machines than 
they could by other well-known methods, the Hollerith machines were selected 
for the census of 1890. 

This census installation attracted wide attention. About this time the 
Hollerith method was adopted by the government of Austria-Hungary. More 
significant still was the application made by Dr. Hollerith of his method to 
transportation and commodity statistics. This was a logical outgrowth of the 
successful census work, and the use at that time of the Hollerith system by 
the Freight Accounts Auditor of the New York Central Railroad indicated 
subsequent industrial and social applications. By the turn of the century, and 
after many improvements and refinements had been effected in the machinery, 
the Hollerith system was becoming fairly well known and began to be used more 
and more extensively. 

Naturally the sum of continued improvements and increasing experience 
exerted a broadening influence on the entire field of statistical inquiry. As it 
became evident that giant surveys could be digested with the speed and pre¬ 
cision formerly associated with only the very smallest, those engaged with the 
technique of research became curious about this new mechanical aid. Wherever 
greater knowledge was desirable, whether for the guidance of the business 
administrator or the scientific investigator, the machinery for fact-finding existed 
and could be applied. 
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Fig. 1 


A blank tabulating card; actual size 
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Operating Principles 

The basis of the Punched Card Method is the tabulating card.* All pertinent 
information, originally written or typed, is transcribed from the source records 
into tabulating cards in the form of punched holes. The holes are punched in 
predetermined positions on the card, according to the information registered. 
These punched cards serve to actuate the various machines into which they are 
subsequently placed. 

The automatic compilation of facts recorded in tabulating cards is per¬ 
formed by electricity. The passage of the perforated cards under brush contacts 
permits an electrical impulse to be made 
through the card at the position of the 
punched hole. This closing of an electrical 
circuit at a definite time and from a fixed 
position on the card is the basis upon whieh 
the various electrical accounting machines 
function. 

The illustration on the preceding page, 

Pig. 1, is a reproduction of a tabulating 
card in actual size. There are eighty columns of digits across the card. Bach 
column contains twelve punching positions. Of these, ten are indicated by the 
printed digits 0 to 9, which correspond to the digits of the numerical data to 
be punched. The 11th and 12th punching positions are at the top of the card 
and are not indicated by printed numerals. If the 80-column card is com¬ 
pletely punched it contains 960 holes—80 columns of 12 positions each (Pig. 2). 

Another type of card, not shown here, but referred to and illustrated fre¬ 
quently in other parts of this book, is known as the 45-column card because it 
contains 45 columns of twelve punching positions each. If fully punched this 
card will therefore have 540 holes. This type of card represents an earlier stage 
of development and as its cost is the same as that of the 80-column card it is 
rapidly falling into disuse. 

The first step in the use of a card for a particular record is the designation 
of groups of columns as “fields.” Each field defines a section of the card in 
which one particular type of information will always appear. 

The illustration following on page 6, Pig. 3, shows an 80-column card partly 
drawn up into fields. Each field is assigned a sufficient number of columns to in¬ 
clude the largest number of digits which it will be called upon to accommodate. 

Por instance, the greatest number of months; is 12 (a two-digit number), 
therefore two columns are sufficient for recording this information. The great¬ 
est number of days in a month is thirty-one, thus this field too requires only 


BRUSH 


• RUSH 



* To meet the exacting requirements of tabulating uses and assure accuracy of machine 
operations under all climatic conditions, extreme care is exercised in the manufacture of these cards. 

Smooth surfaced quality paper of high tensile strength is subjected to an ingenious test 
which assures that every tabulating card is an absolute non-conductor of electricity. Uniformity 
of thickness is maintained within limits of .0005". 

SimUarly exacting standards are foUowed in the printing of these cards which is done by 
special cylindrical electrotypes to assure perfect registration and legibility. The result is a 
card of a very high degree of permanency and reliability. 
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Fig. 2 


An 80 col. tabulating card, fully punched, actual size. 
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Fig. 3 


two columns. The year is indicated by the last two digits, making two more 
columns necessary, etc. 

Fig. 4 illustrates another 80-column card completely laid out for a specific 
job, in this instance a complex legal study. 

At this point it is obvious that all pertinent information must be registered 
in the card in the form of punched holes. The perforation of these holes is a 
simple matter. The digits of the numbers to be transcribed correspond to the 



Fig. 4 


digits printed on the card. Thus, to show the date October 15, 1934, on the 
card illustrated above, Fig. 3, the card is perforated as follows: 10-15-34. 
Descriptive information, such as the names of persons or products is generally 
coded numerically, although as subsequently explained, there are machines that 
are able to identify and print alphabetic characters from punched holes. Re¬ 
ports prepared on the numerical tabulator show all data in figure form while 
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the alphabetic type of machine gives both descriptive (alphabetic) and numeri¬ 
cal data, no coding being necessary. 

The many card forms appearing in other sections of this book illustrate the 
principles of field design and punching procedure, while numerous reports 
prepared on both the numerical and the alphabetic machines show clearly the 
difference in result between the two types of devices. 


Tabulating cards are perforated by means 
of an electric punching machine. The punch 
designed for the numerical system has a key¬ 
board consisting of twelve keys, one for each 
punching position of a column. As a key is 
depressed a hole is cut and the card advanced 
automatically to the next column to be 
punched. The automatic features of the 
machine and the simplicity of the keyboard 
make the transcription of written data into 
punched hole form easy, rapid and efficient. (See also Fig. 8, page 12.) 

When punching has been completed, the cards are usually in miscellaneous 
order. The next step is to arrange them in sequence by some desired classifi¬ 
cation—that is, to group them according to some information which is punched 
in them. The Card-operated Sorting Machine is used for this purpose. 



Duplicating Key Punch 


The operation of the Electric Sorting Machine is based on the position of 
the punched hole in a vertical column of 
the card. As the cards pass through 
the machine a brush contact is made 
through the hole causing an electrical 
circuit to be closed. This momentary 
circuit causes the card to be directed to 
a receiving pocket which corresponds to 
the position of the punched hole. For 
example, a card punched “9” in the 
column under consideration is directed 
to the 9 pocket, a card punched “6” 
in the same column is directed to the 6 
pocket, etc. (For further description 
see Figs. 5, 17 and 18, pp. 10 and 16.) 

The automatic sort is made on one 
column at a time. It is apparent, therefore, that to arrange a group of cards in 
numerical sequence according to the data punched in a three-column field, the 
group is passed through the sorting machine three times. The sort is made 
first on the units column, then on the tens column and finally on the hundreds 
column. The Card-operated Sorting Machine is entirely automatic and operates 
at a speed of 400 cards per minute. 

The third step in the Punched Card Method is the automatic compilation 
of the data into printed reports. This is accomplished by the Electric Tabu¬ 
lating Machine which is a combined adding, subtracting and printing machine. 
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(See Figs. 19 and 20, page 17). Punched cards passing through this ma¬ 
chine actuate the various adding counters and printing mechanisms—again 

by means of electrical contacts. 
Each Electric Tabulating Machine 
is so designed that it provides 
complete flexibility of arrange¬ 
ment of the compiled and printed 
data on the report form. The 
machine is entirely automatic, 
operates at a speed of 150 cards 
per minute, and is so arranged 
that summary cards can be 
punched simultaneously with the 
printing of reports. Its various 
features are best demonstrated 



Electric Tabulating and Accounting Machine 


by the results produced. Many of these are shown in the form of printed 
reports appearing in other sections of this book. 

In addition to the three basic machines discussed above, many auxiliary 
machines and devices have been developed for the purpose of accomplishing 
automatically the supplementary tasks related to the classifying, compiling and 
printing of data. All the machines follow the same general principles which 
have been previously described. In order to aid the proper understanding of 
the following chapters, the machines discussed above as well as some of the 
auxiliary machines and devices are illustrated and explained in the appendix 
to Part I (pp. 10 to 20). 
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APPENDIX TO PART I 

Development and Principles of the Punched Card Method 

(Hollerith) 


Descriptions and Illustrations of Various Tabulating 
Machines and Special Devices 




Fig. 5 


THE OPERATING PRINCIPLE OF THE PUNCHED CARD METHOD 
(HOLLERITH PATENTS) 

A tabulating card, acting as an insulator, passes between a wire brush and a brass 
roller.* - A hole punched into the card causes the brush and the brass plate to make contact 
(see arrow Fig. 5) and closes an electric circuit which, in turn, actuates an electro-magnet. 
In the case of the sorting machine (illustrated) this magnet opens a chute along which 
the card slides until it falls into the proper receptacle. 

In the tabulating and accounting machines a row of brushes, corresponding to the 
columns of the card, takes the place of the single brush shown above. The contacts, similarly 
made, energize counters or print banks. 

In either case, the classification to be made, the values to be added or subtracted, or the 
letters to be printed, are determined by the position of the card at the time the contact 
is made. 

* The contact roller is not visible here, being completely covered by the tabulating card (see page 4). 
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A TYPICAL TABULATING AND ACCOUNTING MACHINE PLUGBOARD 

FOR MANUAL WIRING 

Because they are operated by electricity rather than by any mechanical means, flexibility 
is an inherent feature of all electric tabulating and accounting machines. To attain this 
flexibility the more complex machines employ a plugboard which is similar in principle to a 
telephone switchboard. 

In the plugboard illustrated (Fig. 6) there are two rows of numbered sockets correspond¬ 
ing to the 80 columns on the card (top row of sockets not visible in illustration). After 
the information to be added or indicated has been determined for any given report, plug 
wires are inserted to connect the sockets corresponding to the tabulating card fields in which 
the data are punched, with any desired adding counter or list bank. 

By utilizing the second row of sockets and an automatic control device and by having 
several counters to carry sub-totals, intermediate totals and grand totals, the machine will 
automatically sense changes in classification, print totals and proceed with the tabulation of 

the next classification. 

Most machines are equipped with various other 
devices for selecting specific information and re¬ 
jecting other, for counting the cards going through, 
for transferring totals, etc. (See Special Device 
Section pp. 18 and 19. 



AUTOMATIC PLUGBOARD ASSEMBLY 

The manually operated plugboard illustrated in 
Fig. 6 is being rapidly superseded by the automatic 
plugboard assembly (see Fig. 7) which enables a 
complete change of plugging arrangement to be 
made in less than a minute. 

The use of this assembly speeds production since 
the only requirement in changing from one form of 
report to another is the insertion of a pre-plugged 
Set-up Slide in the machine at the completion of the 
first report. A Fixed Set-up (permanently wired) 
is obtainable for routine reports, one for each form 
or for each of those most frequently used. Another 
type is the Manual Set-up which can be wired for 
any report form and kept ready for use. 
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KEY PUNCH ■ 

Original information shown on orig- ■ 

inal documents (or on dual cards) is ■ 

punched in the cards by a Key Punch, ■ 

the keys of which are operated like I 

those of a typewriter. Every key 1 

governs the punching of a horizontal 1 

line of digits on the card; that is, M 

the “0” key punches in the “0” ^ 

position, the “1” key in the “1” Fl(J g 

position, etc. The machine has only 
twelve punching keys. 

Punching production varies with the number of columns punched, the nature of the 
original information, and the ability of the operator. 

Different models are available: one which is operated entirely by hand; another whose 
cutting dies are electrically actuated; a third, illustrated here (Pig. 8), is further equipped 
with automatic card feeding and ejecting devices. It also has a duplicating feature which 
enables the machine to be used as an automatic coding device. Codes are pre-punched in 
master cards; the proper master card is positioned in the machine and during operation the 
code is automatically punched in detail cards. This process eliminates a second coding 
operation, code checking, individual code punching, and checking of the code punching. 

All models of punches may be equipped with ‘ ‘ Skip Bars, ’ ’ also known as “ X ” bars, 
which fulfill a function similar to that of the tabulating device on a typewriter. Predeter¬ 
mined groups of columns may be skipped either in punching or duplicating. Depending 
upon the type of punch the skipping process may be fully automatic or semi-automatic. In 
the latter case the depression of the “X” key is necessary. 










ALPHABETIC 
PRINTING PUNCH 

The Alphabetic Printing Punch 
is used to punch both alphabetic 
and numerical data into a tabulat¬ 
ing card so that completely spelled 
names, descriptive words, etc., to¬ 
gether with numbers, can subse¬ 
quently be printed by an Alpha¬ 
betic Accounting Machine. 

This punch is equipped with a typewriter keyboard (Fig. 10). The depression of a key 
causes the machine to punch the card and simultaneously print the corresponding letter or 
figure at the top of the card above the column punched. Checking, filing and reference 
operations are thereby greatly facilitated. 

The familiar typewriter tabular inserts control the skipping of the card to the proper 
columns to be punched. The cards are automatically fed and ejected. 

Another model of the Alphabetic Printing Punch is equipped with a duplicating feature 
by means of which information common to more than one card can be automatically printed 
as well as punched on successive cards. 



AUTOMATIC 
SUMMARY PUNCH 

The Automatic Summary Punch 
(Fig. 11) is used to punch summary 
or new balance cards during the tabu¬ 
lating process of the accounting ma¬ 
chine to which it is attached. The 
accounting machine stops at every 
control change; the information ap¬ 
pearing in its counters is then elec¬ 
trically transmitted to the Summary 
Punch and by it recorded on tabulat¬ 
ing cards. 


In addition to recording classifications and totals received by electrical impulse from 
the accounting machine, the Summary Puneh can also record common data received by 
electrical impulse from a pre-punched card in the master card rack. It can be converted 
into a Motor Drive Duplicating Key Punch simply by throwing a switch. 

The Automatic Summary Punch provides an exceptionally fast method of obtaining a 
balance-forward. 
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MANUAL CODE PUNCH 

The Manual Code Punch (Pig. 12) is applicable 
where the original information is not in sequence. 
In certain types of coding it may be necessary to 
punch a hole in, for example, column 30, the next 
one in column 68, the next one in column 6, etc. 
On the automatic punches such going back and forth 
causes unnecessary waste of time. 

This device is also particularly appropriate 
where it is frequently desired to punch a large 
number of holes in each column. 


AUTOMATIC REPRODUCING PUNCH 

This machine is used to reproduce in a set of 
cards the information punched in another set. All 
or any portion of either numerical or alphabetic 
data punched in a card may be reproduced in an¬ 
other card in any sequence desired (Fig. 13). 

It is also possible to gang punch in any number 
of detail cards the information punched in a master 
card. Both reproducing and gang punching may be 
done simultaneously; that is, while information is 
being reproduced additional data may be gang 
punched in the same cards. 

The machine punches 100 cards a minute for all 
work regardless of the number of holes to be 
punched. 

Another model is equipped to compare the holes 
punched in the second card with the ones in the 
original. In this operation, however, it is at present 
limited to the checking of 40 columns of the card 
at one time. 

Both models are equipped with Automatic Plug¬ 
boards. 


GANG PUNCH 

Sometimes it is necessary that many cards be 
punched in identically the same manner, either 
wholly or in part. A Gang Punch is then used to 
expedite the work (Fig. 14). 

Above is shown the Motor Drive Gang Punch. A 
master card—sometimes called a pattern card— 
when placed on the set-up plate of this device auto¬ 
matically adjusts the punching mechanism to the 
setting required. The set-up also can be accom¬ 
plished manually. 

The Motor Drive Gang Punch can be equipped 
with a numbering device which prints numbers con¬ 
secutively or prints the same number repeatedly on 
the face of the card at the time of punching. An 
additional feature is a dial which, when set, auto¬ 
matically stops the machine when the desired num¬ 
ber of cards has been punched. 

A manually operated lever set Gang Punch is 
also made. 











AUTOMATIC MULTIPLYING PUNCH 


This machine multiplies with almost lightning speed any two amounts punched in tabu¬ 
lating cards, adjusts the product to the nearest whole number, records the product on the 
card from which the factors were taken, and accumulates totals. It can also be made to 
cross-add and cross-subtract while multiplying, under which condition it punches the total 
of the cross addition or the net total (Fig. 15). 

Since division of one number by another can be converted into a product by using the 
reciprocal of the divisor as a multiplying factor, the machine is also very useful where a 
common divisor is used in a number of similar calculations. 

The factors may be such items as Quantity times Unit Price, Hours times Hourly Bate, 
etc. Either factor can contain as many as eight digits. One factor can be taken from a 
preceding master card and used as a common multiplier for succeeding detail cards. 

Calculating and punching are accomplished at high speed—from 740 multiplications per 
hour for 8-digit multipliers up to 1500 per hour for 3-digit multipliers. 



AUTOMATIC INTERPRETER 

Although the practiced eye can quickly read 
the numerals represented by the holes punched 
in tabulating cards, it is often desirable, for 
greater ease of reading in checking, filing, selec¬ 
tion and reference operations, to have these 
coded figures translated and printed on the 
cards. The Automatic Interpreter is used for 
the purpose in numerical work (Fig. 16). 

The printed information can be shown any¬ 
where along the top of the card. Data punched 
in any 45 columns of the card may be inter¬ 
preted. The translating and printing are done 
at the rate of 4,500 cards per hour. 

Another model which is a combination check 
writer, check protector, and interpreter, is also 
provided in the above capacities and speeds. 

In cases where an Alphabetic Printing Punch 
(see Fig. 10) is used, the use of a separate in¬ 
terpreter is, of course, unnecessary. 
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ELECTRIC CARD-OPERATED SORTING MACHINE 

This machine automatically groups all cards of common classification and at the same 
time arranges the classifications in the sequence desired (Fig. 17). By means of a com¬ 
mutator switch any specific classification may be selected without disturbing the sequence of 
the other cards in the pack. 

The operating speed is about 400 cards per minute per column. The usual procedure 
is to arrange the cards first in the ‘ ‘ unit ’ ’ order. While in this sequence they are next 
arranged in the “tens” order, then in the “hundreds,” etc. 



Fig. 18 (Top only) 


ELECTRIC CARD-OPERATED COUNTING SORTER 

In cases where a tabulating card represents a unit, as in vital statistics and unit inven¬ 
tory control, it becomes necessary to provide a rapid means of counting and classifying 
simultaneously. This machine accomplishes such results. It also operates as a regular sorter 
without counting, or as a counting device without sorting. The speed of this machine is 400 
cards a minute when counting or sorting or doing both. 

The counting mechanism is equipped with fifteen adding counters, one for each of the 
twelve conditions that can be recorded in a column, one for unpunched cards, one for sub¬ 
totals, and one for grand totals (Fig. 18). 

The visible dials are located on top behind a reading board. This arrangement permits 
the figures in the counters to be easily read and transcribed by the operator. 

Another model of the counting sorter is equipped with one, two, or three counting and 
printing units, each having fifteen counters, thus permitting simultaneous counting of three 
columns. It sorts, however, in only one column at a time. 
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DIRECT SUBTRACTION ACCOUNTING MACHINE (TYPE 3-S) 

The Direct Subtraction Tabulating Accounting Machine, Type 3-S, is a multiple sub¬ 
tracting, adding, classifying, and printing machine which automatically produces complete 
printed reports from punched tabulating cards. It prints classifications, lists details, com¬ 
putes and prints totals, grand totals and net balances (Dig. 19). 

An automatic control causes the machine to stop at the completion of each data group; 
the total and the group indication are recorded, then the machine clears itself and starts on 
the next group. An Automatic Plugboard (see Dig. 7) eliminates the necessity of plugging 
the machine just before printing the reports. 

This type of accounting machine is furnished in three models of various printing capaci¬ 
ties-!, 5 and 7 printing banks-all of which list from 75 to 120 cards a minute and tabulate 
from 75 to 150 cards a minute. It may be equipped with a summary punch (See Fig. 11). 

Other tabulating machines in various capacities are available without printing mechanisms. 


ALPHABETIC DIRECT SUBTRACTION ACCOUNTING MACHINE 



This accounting machine (Fig. 20) is employed when it is desired to show names, 
addresses, descriptions, etc., printed in full on finished reports, thereby eliminating the use 
of codes. The alphabetic feature supplements the ability of the machine to add and subtract 

and to compute and print 
totals, grand totals and net 
balances. This machine, too, 
is equipped with an auto¬ 
matic control feature, (see 
above) and an automatic 
plugboard. 

Two continuous type sec¬ 
tions have eighty-eight print¬ 
ing positions. The alphabetic 
type section can be used to 
list or indicate both alpha¬ 
betic and numerical data and 
to compute and print bal¬ 
ances and totals, an arrange¬ 
ment which gives great flex¬ 
ibility in combining alpha¬ 
betic and numerical infor¬ 
mation. 

The operating speed of the 
machine is 80 cards per 
minute when listing and 150 
cards per minute when 
tabulating. 
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SPECIAL DEVICES 


CARD MATCHING DEVICE 

This is another attachment for the sorting machines. It is used to select matched 
cards from a group of cards by means of contrasting corner cuts. Cards having a corner 
cut are sorted into the 12 pocket. Square cornered cards are sorted into the 12 pocket 
only when they follow cards with a corner cut, but are rejected when they follow other 
square cornered cards. 

CLASS SELECTION DEVICE 

Class selection, a standard feature on all printing tabulators, greatly increases the 
flexibility of the machine in translating the punched holes into accumulated totals or printed 
reports. By use of this feature, heterogeneous data punched in a common field on the 
tabulating cards may be separated automatically into the various classifications on the 
finished report. Conversely, data punched in different fields of the cards may be grouped 
into a common total on the finished report. Likewise, the class selector may be used to 
cause certain data punched in the common field to be added to and other data in the common 
field to be eliminated from the accumulated totals and printed reports. 

COLLATING DEVICE 

This device may be installed on the Electric Card-Operated Sorting Machine. It will 
prepare sets of cards without requiring any identifying punch. A number of cards of 
each kind exactly equal to the number of sets required are placed in the hopper of the 
sorting machine. The sorting brush is raised so that it does not touch the cards. The 
collating device switch is then turned on which causes the chutes to the sorter pockets to 
open in rotation so that one card of each kind is distributed to each pocket. 

CONSECUTIVE NUMBER CONTROL DEVICE 

This device causes the electric accounting machine to indicate those numbers which are 
missing from a consecutive list by printing a symbol opposite the first line after the break 
in sequence. 

COUNTER CARRY OVER DEVICE 

The counter carry over device is used to secure additional adding and accumulating 
capacity by providing a carry over from the eighth position of one counter to the units 
position of another. 

DECIMAL ACCUMULATING DEVICE 

This may be installed on the Multiplying Punch. Its purpose is to accumulate unused 
decimals of products and throw them into a product for punching every time the accumu¬ 
lation forms a new significant unit. Thus it is possible to arrive at a group product total 
which is accurate to within one-half of one unit of the right hand significant digit. 

GROUP SORTING DEVICE 

This is an attachment for sorting machines which enables the sorting of an entire group 
of cards to be controlled by the punching in a “leader” master card which precedes the 
group irrespective of the punching of the detail cards. 

PRE-SET SELECTOR 

This device is for installation on tabulating and accounting machines to cause these 
machines to function only when cards bearing certain predetermined numbers pass the 
brush, all other cards being ignored. The device may be set for any number from one to 
six digits in size by means of six dials. 

SPLIT COLUMN DEVICE 

This device is employed where it is necessary to use two parts of a single column of a card 
for different purposes. It causes the machine to operate in exactly the same way as it 
would if entirely separate columns were used. 

TOTAL TRANSFER DEVICE 

This device provides for the printing of totals in a print bank other than that which 
is normally associated with the counter in w’hieh the total is accumulated. 

UNIVERSAL AUTOMATIC CARRIAGE 

This device may be substituted for the standard carriage on Electric Accounting Machines. 
It makes the printing of continuous forms such as invoices, statements, etc. fully automatic. 
Certain parts of the form such as title, first line, etc. may be skipped at will. Where a 
second sheet is necessary this device automatically provides for the proper spacing. 
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Fig. 21 


MULTIPLE COLUMN SELECTION DEVICE 

The Multiple Column Selection Device (Fig. 21) is a unit which may be readily installed 
on the Card-Operated Counting Sorter. In its standard form this device will select all cards 
of a pre-determined number (ranging from 1 to 6 consecutive digits) from a stack of cards 
without disturbing the original sequence of the cards. 

There are obtainable special models of this device which permit the simultaneous selection 
of up to 18 digits, regardless of sequence. 

While its operation is simplest if only a single hole is punched in each of the columns of 
the cards to be selected, it is feasible to select cards that have any number of holes punched 
into each column, provided only that this number is constant for all the cards to be run 
through the machine. 

The device is operated by turning contact buttons numbered to designate each position 
on the card in each row and normally set so that the number on the bottom reads upside- 
down. In the illustration the device is set up to select all cards having the numbers 6, 5, 7, 
6, 6, 5 punched in the columns that are being sorted. A special multiple brush holder with 
six brushes is supplied in the standard device to replace the regular sorting brush holder 

TEST SCORING DEVICE 

This device can be installed on 
any tabulating or printing machine 
equipped with automatic control. 
It greatly facilitates the scoring of 
vocational interest tests of the 
Strong type and of certain types 
of intelligence and similar tests. 

It consists of a three-key control 
box which is set on the reading 
board of the tabulating machine 
which is connected by means of a 
cable with three-field selection re¬ 
lays. The depression of a key ac¬ 
tuates the corresponding relay 
which, in turn, selects from a pre¬ 
punched card the proper score for 
the answer given by the student. 
A more detailed description will 
be found on pages 228 and 229. 

OTHER SPECIAL DEVICES 

Numerous other devices have 
been developed for particular pur¬ 
poses. The manufacturers* have 
expressed their willingness to an¬ 
swer promptly pertinent inquiries and such correspondence should be addressed to them. 

* International Business Machines Corp., Tabulating Machine Division, 270 Broadway, New York, N.Y. 

19 



Fig. 22 














20 


:i*'io. 23 





PART II 


Applications in the Registrar's Office 




PART II 


Applications in the Registrar's Office 

CH AP TER I 

New York University 

By 

H. G. Arnsdokf 

Registrar 

XV/HILE the detailed methods of student registration in colleges and uni- 
’’ versities vary almost from institution to institution, the net results are 
usually the same and may be very simply defined. Following the formal ad¬ 
mission of the student and the disposal of certain other preliminary functions, the 
steps of the registration process are taken in definite order, and repeated each 
term or year, as the case may be. The major steps of the registration procedure 
include: 

1. Approval by a faculty adviser of the student’s program of courses in 
accordance with the requirements of the curriculum and the professional and 
cultural needs of the individual. 

2. Computation and collection of student tuition and incidental fees by the 
Bursar’s office. Fees vary according to the type and number of courses taken. 

3. Preparation for the instructors of lists of the names of students who 
have completed the requirements of registration and are, therefore, eligible to 
attend the respective classes. 

Since this is intended primarily to be a statement of the application of 
machine methods to the mechanical aspects of the registration procedure, Step 1 
may be eliminated immediately from further consideration here. The advise¬ 
ment of students deals with individual differences and human values, a type 
of service quite beyond the sphere of mechanical operation. Likewise, we may 
disregard the functions included within the limitations of Step 2. Thorough 
familiarity with the fee schedules and ability to apply them quickly and accu¬ 
rately to any combination of courses is required in addition to the usual capabili¬ 
ties expected of an efficient receiving teller. 

Although Step 3 of the registration process is almost purely clerical-mechani¬ 
cal, the proper performance of this and closely related functions has required 
most diligent consideration. At New York University extraordinary problems 
are created by peculiar local conditions. Here each of between 25,000 and 
30,000 individual students is registered for from one to eight courses each term. 
The individual programs are selected from a total offering of more than 4,000 
different courses or class sections given in nine of the twelve colleges and 
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schools under consideration. These divisions are situated in five widely-sepaiated 
centers, stretching from Trinity Place to University Heights, a distance of ap¬ 
proximately twelve miles. Advance registration on a large scale, either in 
person or by mail, has not been found practicable, and the majority of the 
students come to the various centers within a few days before classes are 
scheduled to begin. The peak-load of registration is usually reached the day 
preceding the opening of the term. Obviously then, the problem is to maintain 
control over the procedure throughout the University, a task accentuated by 
the large number of registrants, the wide spread of course offerings, the 
geographical separation of the various centers of activity, and the comparatively 
short period of time in which to accomplish the job. 

Under these conditions, the essential requirements may be stated as follows: 

1. As a general rule, in so far as the facilities of the University permit, 
students may elect work which they show promise of pursuing with profit to 
themselves, but no individual may enter a course for which he does not possess 
the academic prerequisites, or for which he has not formally registered and 
paid fees. 

2. In order to facilitate the orderly traffic of students in buildings, some 
of which are taxed to capacity during certain hours of the day, each student 
must receive at the time of registration definite information as to the building 
and room to which each of his courses has been assigned, and in some cases the 
exact seat which he is to occupy in each room. It has not been found prac¬ 
ticable to list the room assignments in the college bulletins. 

3. Limitations of many classes as to size, because of the character of the work 
offered or the capacity of the class room, must be strictly observed. 

4. Aside from the observance of limited registrations in certain courses, a 
detailed record must be maintained of the progress of registration in all sections, 
courses, departments, and divisions throughout the University, for administra¬ 
tive purposes. 

5. Many students in each school elect programs of courses, some of which 
are offered only in other schools and often at other centers of the University. 
It is desirable that each student shall complete his registration at one point, no 
matter where he may attend classes, rather than that he be required to travel 
from building to building and from center to center during the time of reg¬ 
istration. 

6. Speed of operation of the registration process is necessary in order to 
avoid serious delays for students, especially at peak-load periods. Many of the 
students are adult men and women of affairs, whose time is limited. 

7. Economy of clerical labor and attending expense, not only in the perform¬ 
ance of registration functions, but of related post-registration functions, must 
be observed constantly. 

8. Finally, a high degree of accuracy must be maintained in the disposal of 
the vast amount of detailed clerical work involved in the registration process. 

Arrangements to meet these requirements are completed well in advance of 
the registration period at a time when the work of the office is least pressing. 
The following technique is employed: 
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1. On the basis of the detailed course offerings announced for the coming 
term in the current catalogs, there is prepared for each course a standard tabu¬ 
lating card which is designated as a “master card” (Fig. 24). On this card 
are recorded the name of the department in which the course is offered, the 
catalog number of the course, the days and hours of class sessions, and the 
building and room to which the course has been assigned. Indication of the 
various colleges and schools is given through the use of distinctively colored 
cards. 

2. The essential information concerning the courses as required for sorting 
and tabulating purposes on the Hollerith machines is punched on the master 
card with the use of a key punch. 

3. From the respective master cards there are now punched automatically 
by a gang punch, sufficient supplies of blank cards to meet the needs in each 
of the courses to be offered, counting two cards for each prospective registrant. 
These cards are punched at the rate of 125 a minute. 

4. The punched blank cards arranged in packs, each pack including its 
corresponding master card, are now transferred to the duplicating department 
where they are printed according to the data appearing on the master cards, and 
numbered serially in duplicate. Printing and numbering the cards is accom¬ 
plished in one operation through the use of a “type duplicator,” devised 
especially for this purpose in the University shops. The type duplicator forms 
an attachment to the ordinary power-driven Multigraph. 

5. The preparation of the cards now completed, the packs are stored in the 
respective compartments of specially constructed vertical cabinets (Fig. 31). 
The compartments are labeled, alphabetically, according to departments and, 
numerically, according to courses within the departments. The cards are now 
ready for distribution. 

Through the employment of the class cards, prepared as just described, the 
eight requirements of Step 3 of the registration process are met in the follow¬ 
ing manner: 

1. Class cards are issued only upon presentation by the student of his official 
registration card. This card must bear the written approval by his faculty 
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adviser of the courses elected, as well as the receipt stamp of the Bursar’s office, 
showing that the required fees have been collected. Two class cards, each 

bearing the same number, are then drawn from the cabinet for e^ch of the 

courses listed on the student’s program. One set is attached to the registration 
card and retained as the office record; the other set is handed to the student. 
On each of his cards the student is required to print his full name, and then 
present it to the instructor concerned at the first session of the class (Fig. 26). 
The cards thus serve not only as “tickets of admission” to the respective classes 
thereon indicated, but they also form the basis of the instructors’ official class 
rolls. 

A change of registration is handled in the same manner as the original 

registration. The essential information is entered by the student on a special 

form (Fig. 25), which must bear the adviser’s signature and the Bursar’s re¬ 
ceipt stamp, if the change involves an adjustment of fees. Together with this 
form, the student returns the class card for the course which he is dropping 
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from his program and receives a new card for the course which he is adding. 
In due time the original registration, of course, is modified in accordance with 
the change-of-registration form. 

2. Since the class cards for each course show the building and room in which 
that course is to be given, as well as the days and hours of class sessions, and 
the number of the seat which the student is to occupy corresponds to the number 
of the card, each student knows exactly where to go on the opening day of 
the term, thus eliminating confusion and congestion which would otherwise occur 
in the main traffic lanes. 
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Completed Class Card 


3. Control over the number of students who 
may be accepted in courses in which the regis¬ 
tration is limited is exercised with comparative 
facility. At the outset, the number of cards 
prepared for such courses corresponds exactly 
with the number of students to he admitted to 
them, which precludes all possibility of releas¬ 
ing more cards than can be accepted by the 
instructor. A blank “warning” card of con¬ 
spicuous color is inserted three cards from the 
bottom of the pack in each compartment (See 
Pig. 27 and also lower left-hand corner on 
Pig. 31.) When this card is reached in the 
progress of registration, notification of the ap¬ 
proaching close of registration in that course 
is “flashed” by telephone to the advisers’ room 
and posted prominently on a black board for 
the information both of advisers and registrants. 
As soon as the last card for a course has been 
given out, the course is posted as closed and no 
further registrations for that course are ap¬ 
proved by the advisers. 

4. Information as to the progress of registra¬ 
tion in each course and department is gathered 
readily at the close of each day by recording on 
a previously-typed list of the courses offered the 
registration to date in each course shown by the 
number appearing on the top card in each com¬ 
partment. On the basis of these daily-recorded readings, it is also possible by 
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Fig 29 

Scene at Registration Time, New York University 
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simple computation to prepare a cumulative record of the point registration or 
student load by departments and colleges, during the registration period. This 
information) is regularly cleared through the Registrar’s office, -which in turn 
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supplies to each Dean a daily report of the student-hour enrollment in each 
course and department, and the aggregate enrollment to date in the college or 
school over which he presides (Figs. 28 and 32). 

5. Class cards are distributed from one point in each geographical center 
of the University in a room as large and accessible as can be secured. (Figs. 
29 and 30.) Here the cards of each of the colleges and schools of that center 
are available. Students attached to any one of the schools may, therefore, 
secure their cards for courses in any of the other schools in the one operation 
and are thus spared the inconvenience of travelling from school to school or 
center to center and repeating this step of the registration process. Hundreds 
of students elect courses in more than one college or school at a center. Each 
of these units is administered more or less independently of the other. The 
interchange of students is especially marked between the two liberal arts col¬ 
leges and the various professional schools. 

When courses are elected which are offered at another center of the University, 
the clerks in charge of the various class card units at the first center reserve 
the required class cards at the second center by telephone. Cards so reserved 
are drawn from the cabinets and held for the students, who call for them en 
route to the first class session of the term, thus avoiding a special trip at the 
time of registration. 

6. The distribution of class cards having been reduced to a mere mechanical 
transaction, i.e., the exchange of the student’s registration card for the proper 
class cards, the operation is performed very rapidly. The clerks in charge of 
the various units become as familiar with the location of the cards in the 
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cabinets as with the keys of a typewriter. The work of distribution is easily 
regulated by supplying as many clerks as may be needed to suit the require¬ 
ments at any given time. During the slack hours of registration, a student is 
served as soon as he appears, and even during the busiest period he is not 
detained longer than a few minutes. 

7. The distribution of class cards is performed almost entirely by members 
of the permanent office staff. A few experienced student assistants are retained 
on an hourly basis at the busiest time. The method of distribution permits 
permanently-employed clerks to remain at their desks in the discharge of other 
duties when their services are not required at the class-card counter. At the 
same time, they are available at a moment’s notice when the work of registra¬ 
tion requires their attention. This feature of flexibility, therefore, obviates the 
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necessity of a full staff of clerks in the registration hall throughout the period, 
some of whom would be idle during irregular hours of the day, and also it is 
possible for the office to keep abreast of other pressing tasks, while registration 
is in progress. 

Further economy is reached by sorting the duplicate class cards through 
the use of the electric sorting machine. The names of the students are entered 
on the cards as the registration period progresses, by the students themselves, 
and the cards are sent to the sorter immediately after the close of the period. 
They are promptly returned to the office arranged by courses or sections, 
departments, and schools or colleges. Adjustments due to approved changes of 
registration are then made, and the cards are ready for the tabulating machines. 
The printed tabulations show the final net semester-hour teaching load distrib¬ 
uted in detail, from which various computations are readily made for admin¬ 
istrative use. From the duplicate class cards is typed the term report form for 
each course, listing the names of the students for whom the instructors are 
required to submit reports of attendance and final grades at the close of the 
semester. These reports thus serve also as a check upon the class rolls as 
prepared by the instructors early in the term. The work of typing the reports 
is completed at convenient times during the term, and the forms are released 
to the instructors just prior to the examination period. 

The very great convenience of the service of the electric sorting and 
tabulating machines, of course, accounts for the particular form of class card 
that is used and for certain obvious features of the registration procedure. 
The former plan of employing large groups of temporary clerks and additional 
typing machines to augment the permanent staff and office equipment has been 
abandoned entirely. Instead of long periods of high pressure effort to prepare 
the official class lists which were sent to the instructors late in the term, often 
highly inaccurate, no temporary help is now required after the close of regis¬ 
tration, and the regular clerks are free almost immediately to return to the 
ordinary routine tasks of the office. 

8. Freedom from pressure has greatly reduced the amount of inaccuracy 
in the work of student registration and in the subsequent record-keeping func¬ 
tions. The important clerical work is performed either before or after regis¬ 
tration, when there is sufficient time to take the pains necessary to insure 
accuracy of records. Errors in the distribution of the class cards are exceed¬ 
ingly rare and are easily detected. The machine sorting and tabulating jobs 
are altogether free of error. 

The application of machine methods to the more prosaic elements of the 
student registration and accounting problems has, therefore, served to increase 
operating efficiency, on the one hand, and to reduce costs on the other. 
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PART II 


Applications in the Registrar's Office 
CHAPTER II 
The State University of Iowa 

By 

Charles H. Maruth 

Assistant Registrar 

HP HE Registrar is responsible for certifying the names of all students officially 

enrolled, to the instructors of the various classes in the several colleges, 
before any student may be admitted to and continue in such classes. This can 
only be done when the student has completed all details of his registration 
and paid the required fees. 

One way of accomplishing this is to have the student write a class card for 
each class in his study program, such cards to be checked and verified with his 
study program at the time fees are paid. They are then sorted by hand or 
machine and forwarded to the respective instructors. In a large university in 
which registration is confined to a period of two or three days preceding the 
opening of classes and in which the enrollment is in excess of 5,000 students, 
this means a total of approximately 40,000 cards to be sorted and distributed 
by the first day of classes. The time element involved in this job means the 
employment of a large number of clerks in order to get the work done when 
undertaken by hand sorting. By utilizing tabulating machines this job can be 
done with a minimum of hand labor and error and a maximum of speed. 

The foregoing can be accomplished, as it has been in the past in this univer¬ 
sity, by using only manual key punches and the sorter. 

With the facilities afforded by the alphabetic key punch and the alphabetic 
tabulator, it is possible to increase the service to which class cards can be put 
with relatively few additional machine operations, which not only enables the 
Registrar to fulfill his obligation of certifying to instructors the names of 
students officially enrolled in their classes, but also enables him to furnish a 
variety of services to the administration and faculty in the form of analyses 
which heretofore he has not been able to do because of limitations of budget 
and time. 

This office has used the sorter for the past several years for sorting class 
cards and for various statistical analyses, but has been limited in furnishing 
various lists or classifications involving the names of students without resorting 
to hand check methods. The following will briefly describe what tabulating 
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machines are now used and how they have supplanted hand operations in 
connection with registration and contingent problems. 

The following tabulating machines are used: (1) alphabetic punch, (2) 
manual key punches, (3) manual verifying punches, (4) reproducing gang 
punch, (5) sorter, and (6) alphabetic tabulator. 

The essential feature of the machine system is the serial number assigned to 
each student during each session in which he registers. This number is trans¬ 
ferred to every academic or financial transaction made during the session based 
on the student’s registration. This permits an effective method of tying up 
the records of the Registrar’s office with the Bursar’s or business office, and 
permits the segregation by machine of all cards pertaining to each student’s 
registration. 


The Directory Master Card (Fig. 33) 
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Fig. 33 


The student receives with his registration materials a directory master card 
with a serial number pre-assigned. The master card contains the following in¬ 
formation: (1) serial number, (2) student’s surname, first name, and middle 
name, (3) college, classification, matriculation, and graduation index, (4) local 
address and telephone number, (5) home town and state, (6) year and term 
or semester, and (7) occupation of summer session students and location by state. 

This information is written by the student and the card is filed with the 
Registrar when the student files his study program. 

The uses of the master card are as follows: (1) for duplicating automatically 
certain parts of the punched information on the directory master card to (a) 
class cards, (b) business office analysis fee card, (c) student statistics card, 
and (d) other analyses forms; (2) for making lists of students according to 
any classification of data punched on the card including complete directory 
copy (Fig. 34) and catalogue roster (Fig. 35) for the printer. 
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Fig. 34 

Student Directory prepared from registration cards, ready for printer 
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Catalogue Foster prepared on Alphabetic Tabulator 
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Class Cards [Fig. 36) 
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FROM THE CLASS AND INSTRUCTED TO SEE THE REGISTRAR AT ONCE. 
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Fig 36 


As soon as the student has paid the fees required by his registration, the 
master card and class cards are given to the punch clerks. 

The following data are punched on the class cards (500 per hour per clerk 
on manual key punches) : (1) department number, (2) course number, (3) 
section letter, (4) laboratory or conference section letter or number, and (5) 
amount of credit. 

When the class card punch clerk has punched the necessary data on the 
class cards, the directory master card and the class cards for each student are 
given to the verifying punch clerk who verifies the data punched on the class 
cards (500 per hour per clerk on manual verifying punches). 

These cards (kept intact for each student) are then given to the alphabetic 
punch clerk who punches the directory master card (75 per hour per clerk). 
After punching, the directory master card is placed on top of the punched 
class cards for each student and kept in this sequence. 

After a sufficient number of punched directory master cards and punched 
class cards are available, they are collected by the clerk operating the repro¬ 
ducing gang punch which automatically transfers to the class cards, the punched 
data on the directory master card involving the student’s serial number, name, 
college, classification, year, and session (100 per minute). 

Duplicate Class Cards 

After all class cards and master directory cards have been completely 
punched, a duplicate set of the class cards only is made by utilizing the repro¬ 
ducing gang punch. The original class cards bearing both written and punched 
information are sorted and sent to instructors on the opening day of classes 
as the preliminary record of students enrolled in their classes and the duplicate 
set is retained in the Registrar’s office for making official class lists. 

Department Heading Cards 

Department heading cards involving the following punched data are pre- 
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(2nd Carbon) 

THE STATE UNIVERSITY OF IOWA 

CLASS LIST 


PRESIDENT'S COPY 

Office of the Registrar 

The following students are officially registered for the course noted according to the records of the Registrar. 


AS OF JUNE 

23 1934 


22 

Date 



H. C. DORCAS, Registrar 

DAVIES 

COM ECON 

01 76 

20 


DEPARTMENT 

CRS No SEC. 

CR. 1 


0 Carbon) 

THE STATE UNIVERSITY OF IOWA CLASS LIST REGISTRAR’S COPY 

Office of the Registrar 

1. The following students are officially registered for the course noted. 

2. Report On the duplicate copy furnished herewith (a) the name of any student attending this class for whom you have received a class card but whose name is not 
included below, and (b) any student whose name appears below but who is not attending this class. 

3. Exclude from your class gny student whose rysme does.not appear below with instructions to report at the Registrar's office immediately. A regulation of the 
loWa State board of Education prohibits anyJinUruatdc from rccelvingJntff hi? cftss any student not reported by the Registrar as officially registered fqr the class. 


Date__ 

DAVIES 


ngltflfff hi? diss any student not reported by the Registrar as officially registered fqi 
- H. C. DORCAS, tegist 

C OM EC OH 01 76 20 


(Original) 

THE STATE UNIVERSITY OF IOWA CLASS LIST INSTRUCTOR'S COPY 

Office of the Registrar 

1. The following students are officially registered for the course noted. 

2. Report on the duplicate copy furnished herewith (a) the name of any student attending this class for whom you have received a class card but whose name is not 
Included below, and (b) any student whose name appears below but who is not attending this class. 

3- Exclude from your class any student whose name does not appear below with instructions to report at the Registrar’s office immediately. A regulation of the > 
Iowa State Board of Education prohibits any instructor from receiving into his class any student not reported by the Registrar as officially registered for the class. 

* AS OF’ JUNE 23 1934 po 

Date-.-- H. C DORCXSTRegistrar 
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0 A V I E S 


COM E C ON 

DEPARTMENT 


2 B I N G A M A N ROBERT F 


3 BISHOP HARRY 


4 BLOCK ETHEL MARGARET 


Fig. 37 
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pared before registration: (1) instructor’s name, (2) department in alphabet 
and code, (3) course number, (4) section letter, and (5) amount of credit 
for the course. 

The Official Class List (Fig. 37) 

At the end of the second or third week of classes the heading cards and 
class cards are sorted hy department, course number and section letter, then 
run through the alphabet tabulator which gives complete lists of the names of 
students and their classification who are enrolled for each course or division 
thereof (80 per minute). 

The official class list sent to instructors during the third week of classes 
will be furnished in triplicate, the original copy to be retained by the instructor; 
the first carbon to be returned to the office of the Registrar with (a) notations 
as to students attending the class whose names do not appear on the class list 
and (b) of students not attending the class whose names appear on the class 
list; and the second carbon to be forwarded to the office of the President. 


Changes in Registration 
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Fig. 38 


Changes in registration are handled by utilizing preliminary class cards 
for new courses and drop cards (Fig. 38) for courses dropped, the mechanics 
being as above. This procedure provides supplementary lists of such changes 
for each instructor. 

Department Load Analysis 

After registration the class cards are used for analyzing the enrollment in 
terms of load by credit hours involved for each department and instructor. 

Advance Reports on Candidates for Degrees (Fig. 39) 

Before the Registrar can certify students as having completed all graduation 
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(2nd Caibon) 

THE STATE UNIVERSITY Of IOWA ADVANCE REPORT ON OFFICE COP* 

Office of the Registrar CANDIDATES FOR DEGREES 

i. The Following candidates are registered 'or the courses indicated. 

4 ‘ hi9h * 9r4d * 45 iS ‘° b * ,iMlly 3iV€n - A hish * r fin4 ' sr4de fc * re eo*ed. All names listed must be reported on in the 

■3. This form Is furnished in duplicate. The carbon copy is to be retained by the department The original (Registrar's copy) is to be returned to the office of the 
Registrar no later than- _my_i6..i934__ 

H. C DORCAS, Registrar 


-fiaatswjj— 


(1 rt Carbon) 

„_ DEPARTMENT COPY 

THE STATE UNIVERSITY OF IOWA ADVANCE REPORT ON 

Office of the Registrar CANDIDATES FOR DEGREES 

1. The following candidates ere registered for the courses indicated. 

2. Report as much credit and as high a grade as is sure » be finally given. A higher final grade may be reported. All names listed must be reported on in the 
nnai semester or term report. 

3. This form is furnished in duplicate. The carbon copy is to be retained by the department The original (Registrar’s copy) is to be returned to the office ol the 

Registrar no later tita n JULY 3U3 19M _ 

H. C DORCAS, Registrar 
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(Original) 

THE STATE UNIVERSITY OF IOWA ADVANCE REPORT ON 

Office of the Registrar CANDIDATES FOR DEGREES REGISTRAR’S COPY 

1. The following candidates arc registered for the courses indicated. 

2. Report as much credit and as high a grade as is sure to be finally given. A higher final grade may be reported. All names listed must be reported on in the 
final semester or term report 

3. This form is furnished in duplicate. The carbon copy is to be retained by the department The original (Registrar’s copy) is to be returned to the office of the 

Registrar no later rh« n JULY 15 1934 _ 

H. C DORCAS, Registrar 
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requirements, it is necessary to know the status of their final semester’s work. 

Department heads are furnished with a complete list in duplicate of the 
names of all candidates for degrees and the courses for which they are regis¬ 
tered in the respective departments about six weeks before convocation, with 
instructions to return to the Registrar’s office the original copy after the sev¬ 
eral instructors have assigned grades. 

These lists are prepared from the duplicate class cards on file in the Regis¬ 
trar’s office through the use of the sorter and alphabet tabulator. 

Final Grade Reports (Fig. 41) 

Shortly before the close of any session the Registrar furnishes each instructor 
with final grade report forms in duplicate for his several classes. The names 
of the students and amount of credit for which they are officially enrolled are 
indicated thereon. After the instructor has indicated the grade for each stu¬ 
dent, the original copy is returned to the Registrar’s office and the carbon 
copy kept by the instructor or department head for file. 

These reports are made by the alphabet tabulator from the duplicate class 
cards in the same way the class lists are prepared. 


Reports and Analyses 
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Fig. 40 


For the purpose of making up the annual report to the President and 
State Board of Education which requires (1) a tabulation of student enroll¬ 
ment, (2) a geographical distribution of the student body, (3) an age distribu¬ 
tion, (4) a religious census, and (5) a parents occupation census, tabulating 
machine cards called “Student Statistics” cards are used. (Fig. 40.) 

A card is made for each student who registers within each fiscal year and 
carried forward for each session of the year. The fiscal year begins with the 
summer session, hence for every student who registers in the summer session 
a punched card is made. If that same student returns during either one of the 
winter sessions the same card is carried forward, new cards being made only 
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(2nd Carbon) 

THE STATE UNIVERSITY OF IOWA FINAL GRADE REPORT OFT1CS COPY 

Office of the Registrar 

1. The following students are officially registered for the course noted. 

2 Assign one of the regular passing or non-passing grades (see reverse side for marking systems of the various colleges) to each student listed. 

3. This form is furnished tn. duplicate. The original copy (Registrar’s copy) is to be returned and on file in the Registrar’s office not later than three days after 
the close of the term or semester. The carbon copy is to be retained by the department. 

4. The Registrar's copy of this form must be signed by the instructor and countersigned by the head of the department 


COIS ECOti 


(1st Carbon) 

THE STATE UNIVERSITY OFIOWA FINAL GRADE REPORT DEPARTMENT copy 

Office of the Registrar 

1. The following students are officially registered for the course noted. 

2. Assign one of the regular passing or non-passing grades (see reverse side for marking systems of the various colleges) to each student listed. 

3. This form is furnished in duplicate. The original copy (Registrar’s copy) is to be returned and on file in the Registrar's office not later than three days alter 
the close of the term or semester The carbon copy is to be retained by the department. 

4. The Registrar's copy of this form must be signed by the instructor and countersigned by the head of the department 


COM EC OW 0176 

DEPARTMENT CRS. No. 


the’state university of iowa FINAL GRADE REPORT registrars copy 

Office of the Registrar 

1. The following students are officially registered for the course noted. 

2. Assign one of the regular passing or non-passing grades (see reverse side for marking systems of the various colleges) to each student listed. 

3. This form is furnished in duplicate. The original copy (Registrar's copy) is to be returned and on file in the Registrar's office not later than three days after 
the dose of the term or semester, the carbon copy is to be retained by the department 

4. The Registrar's copy,of this form must be signed by the instructor and countersigned by the head of the department 


COM EC ON 


ANDERSON LAURETTA MAE 


The department wiH please nil out and sign the following: 

Course Titl e_ . — 

Instructor's 
Si gnatur c. 


_Term or semester ending. 

(Head of) 

_APPROVED: (dep t )_ 
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for the students who were not registered in the summer session. The first 26 
columns of the card are devoted to the year, sex classification and mechanical 
alphabetization. The remaining columns are devoted to the information noted 
on the card. Each type of registration during each session is punched on this 
one card, as are the duplications, so that tabulations can be made of enrollment 
during any one session or any combination of sessions from these cards. 

The original information which is transcribed to the punched card is recorded 
on the registration form. The student is required to fill out a registration 
form at the beginning of each session for which he registers, but the informa¬ 
tion concerning vital and personal statistics is furnished only once during each 
fiscal year. 

The chief value of this system lies in the fact that it enables many classifi¬ 
cations of students to be tabulated within a very short time and enables special 
classifications concerning the student body, including names, to be tabulated 
or listed quickly and accurately. It also reduces the annual report to a strictly 
routine job. 

Student Load Analysis 

For the purpose of analyzing student enrollment in terms of credit hour 
load, the number of semester hours undertaken each session is punched on 
this card. 

Changes in semester hour load occasioned by students dropping part of 
their schedule or withdrawing from the university are punched on supplemen¬ 
tary detail cards at the time such changes are made. This enables us to 
tabulate, at any time, the exact load carried by the university and permits a 
rapid and convenient method of compiling the information called for by the 
United States Bureau of Education and similar agencies involving distinctions 
between part and full time students. 

Freshman Week 

For the purpose of enabling the freshman student to more quickly orient 
himself in a new environment, a program of activities for freshmen has been 
planned covering the period beginning with the afternoon preceding the open¬ 
ing of the registration period and extending to the first day of classes. 

Each freshman in the colleges of Liberal Arts, Engineering, and Pharmacy 
receives a booklet (Fig. 42), containing a separate detachable card for each 
event of freshman week at the time he receives his admission card or if he has 
not received his admission card prior to the registration period, it is issued with 
preliminary registration materials. The booklet consists of tabulating machine 
cards pre-numbered and pre-punched. 

The University Examiner or the clerk in charge of distributing registration 
materials will detach the index card at the time the booklet is issued. The 
University Examiner will also detach the “University Examiner’s Ticket” for 
all students who receive their admission card prior to the formal registration 
period. 

The remaining tickets will be detached when the student appears for the 
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FRESHMAN RECEPTION' 


QUALIFYING EXAMINATION, PART 8 


0006 

HI 


0006 

HI 


FRESHMAN ASSEMBLY 0006 

_ BS3 


PHOTOGRAPHS AND FEES 0006 

_HI 


STUDY PROGRAM 


OPENING ASSEMBLY 


WRITE NAME AND ADDRESS HERE 0006 

HI 


Do not fold or tend thaaa cards 

THETJOTH UHTVSftSITY 07 TO TO~ 

FRESHMAN WEEK ASSIGNMENTS 

Name. 

IMPORTANT:Tills took must be presented at each of the exercises 
of S'fe'sEman Week. The proper coupon will be detached by the 
assistant in charge and serve as a record of your attendance. 

Report promptly at the time and place specified. At¬ 
tendance is required at all of the exercises represented by 
these coupons except as noted on coupons. 

This book is not transferable and detached coupons | 

are not valid. 

The receipt of this book is not to be considered as 
notice of your acceptance to the freshman class. 

H.C. DORCAS, Registrar 


Fig. 42 
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This illustration shows the various cards that, padded together in booklet form, constitute 
the students’ “admission tickets’’ to freshmen functions. (See text opposite page.) 
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respective events. By pairing such tickets with the index card (tabulating 
machines) it is possible to check effectively the attendance at each event,—a 
required check in the case of the qualifying examinations. 

Special Studies 

The foregoing description has been entirely confined to the routine jobs in 
the Registrar’s office. It is apparent that with such basic records prepared 
for machine analysis, indices for special studies can quickly be prepared 
without which such studies would be impossible. 
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PART II 


Applications in the Registrar's Office 

CHAPTER III 


University of Michigan 


By 

Ira M. Smith 

Registrar 


T ABULATING machine equipment is used very sucessfully by the Statistical 
Division of the Registrar’s Office, at the University of Michigan. Owing to 
the fact that we have a decentralized system of recording in operation at the 
University, it seems inadvisable to us to use the tabulating machine card for 
the original record. Instead, the card is printed on the face so that the in¬ 
formation may be typed on it, by the various Recorders, from the original 
records, which are kept on file in their offices. (See Pigs. 43 and 44.) When 
these cards are typed and returned to the Registrar’s Office, thejt give us some 
of the advantages enjoyed under a centralized system of recording. 



Fig. 43 


Enrollment and Scholarship Card 


As soon as the cards are received, they are punched for name by use of the 
alphabetic printing punch. This makes it possible to sort the cards from all 
the schools and colleges into one complete alphabetical file, on the machine. 
It is then necessary to take out cards for duplicate registrations. At present, 
this is done by hand but we are hoping that machine methods may improve 
still further so that even this may be done mechanically. Perhaps, however, 
this is asking too much from the machines, as they already save us the strain 
and inaccuracies of hand methods and distribute our work so that the conges¬ 
tion at the peak load periods may be eased off into less busy times. 
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Fig. 44 

Section of original registration record 


Through use of the machines, we find out readily the number of men and 
women enrolled, in what school or college they are taking their work, whether 
they attend both the regular session and summer session, their distribution by 
class, date of birth, etc. Through use of the sorter, we may group our students 
according to geographical location of home address or by course of study in 
the University and, when we need a record of these groupings in neat tabular 
form, we may use the printer. By means of a few well chosen manipulations on 
the plugboard and the insertion of alphabetical caption cards, we see in print 
that Alabama sent us 18 students, Michigan 8,656, Sweden 1, etc., of our total 
13,257 enrolled, or that 256 students in the Graduate School regular session 
specialized in Education, only 1 chose Classical Archaeology, etc. These results 
need no translation, even for those inexperienced in statistical compilations. 

Perhaps our most sightly machine production is the scholarship chart. We 
punch our cards to show the hours of “A” grade, “B” etc., received by the 
student during each semester of attendance. We also indicate his affiliation 
with dormitory, fraternity or league house. When these cards are punched 
and sorted, they are put in the tabulator and again, as the result of a few 
intelligent connections on our plugboard, the machine selects and rejects so that 
affiliates of one semester only are included for that semester, rejected for the 
other, and members for both semesters are recorded for both. These are all 
neatly tabulated on individual sheets for each group (See Fig. 45) and, 
through insertion of caption cards, are clearly labeled, ready for inspection by 
the groups. It is thus possible to place before each organization complete 
scholarship records, which enable it to detect at a glance its weak and strong 
members scholastically. And the machine does most of the work. 

We are also asked each year to supply for the newspapers a list of grad¬ 
uates, by degree and home address. This information is furnished as a rush 
order, since it must be given out after the “lame ducks” have fallen by the 
wayside, between the time of the examinations and Commencement when not 
many hours are left for the work to be done. Through use of the tabulating 
machine card, information concerning degree expected and home address may 
be punched on the card early in the semester when there is plenty of time. 
At the last minute, cards for non-graduates may be hastily withdrawn and, at the 


44 















UNIVERSITY OF MICHIGAN 
1933 - 1934 SCHOLARSHIP RATEIG 
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1 5 
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1 3 
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7 
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1 5 



1 5 
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SCHILLER 

0 1 
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3 
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3 

4 
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1 5 
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1 5 
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1 3 
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WELLS 

0 1 

4 

3 

3 
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1 4 

7 

4 

3 



1 4 

D 

H 

WRIGHT 

0 1 


3 

1 0 



1 3 



13 



1 3 



TOTAL HOURS 


5 5 

8 5 

10 9 

3 3 

4 

2 8 6 

60 

8 2 

12 7 

1 1 

1 

2 8 1 


NOTE:- To figure the percentage rating, multiply the hours of A by 100; B by 85; C by 70; D by 50; and E by 20. 
Divide by the total number of hours. 
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final reckoning time, the machine does the rest of the work, with the advantage 
that it doesn’t know Commencement is so near at hand and doesn’t grow ex¬ 
cited and consequently inaccurate over the fact that 2,597 cards must pass by 
it several times before the world may know, through the Press, that another 
graduation has taken place. 
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PART II 


Applications in the Registrar's Office 

CHAPTER IV 

The University of Texas 

By 

Max Fichtenbatjm 
Assistant Registrar 

W E are called upon, as are other registrars, to furnish a considerable variety 
of information concerning our students, such as number registered, classi¬ 
fication by colleges, by rank, etc., geographical distribution, religious affiliation, 
occupation of parents, etc. In addition to this type of information we furnish 
data as to quantity of work students take, the quality of their work, grade 
averages according to different groupings, data concerning departmental teach¬ 
ing loads, analyses of entrance units presented by freshmen, correlation of 
freshman records, etc. Our enrollment in the long session is above 6,000. 

For years the statistical tabulations involved in these and similar reports 
were compiled by hand checking methods. During the session of 1929-1930 we 
investigated the possibilities of using machinery to do our statistical work, 
and in the spring of 1930 we installed Hollerith equipment for this purpose. 

We now use the following equipment: an automatic electric duplicating 
punch, a horizontal counting sorter, and a tabulator. 

One of our first problems in connection with using these statistical machines, 
in order to obtain maximum results, was to design a card form on which 
all of the necessary basic data could be recorded in such manner that corre¬ 
lations could be had between any item of the personal information and the 
student’s scholastic record. 

We use a 45-column Hollerith card (Fig. 46) and in it we punch all 
of the personal information which we wish to tabulate concerning the student, 
and in the same card we punch the scholastic record showing courses reg¬ 
istered for, grades received, hourage earned, etc. Through the use of an 
electric duplicating punch a separate card is punched for each different grade 
in each course taken by each student. By having courses, grades, and hours 
on the same card with the personal data for the student, we are able to secure 
an endless number of correlations and averages for different groupings of 
students or courses. 

In preparing our statistical cards for the basic tables, a master file of 
Hollerith cards is first made up, one card for each student who has registered 
for the session. The student’s name is typed at the top of the card. Since 
our coding involves several lengthy codes and the use of a number of differ¬ 
ent office records, we found it helpful to use an intermediate card (Fig. 47) on 
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which to enter our information before it is punched in the Hollerith card. 
The student’s name is typed on the intermediate card and then the various 
personal data are entered in code from the original sources. Exception: the 
first ten columns are punched directly on the statistical card, as explained 
below. This procedure simplifies and speeds up the punching of the Hollerith 
card since the operator has no coding to do as he punches. 

Subsidiary master cards are prepared for special types of data. For in¬ 
stance, a separate set of cards is made for freshman students and detailed 
studies are made from these cards concerning entrance units presented, corre¬ 
lation of aptitude tests, high school and college performance, etc. 

"We use a colored Hollerith card for our master file and manila Hollerith 
cards for the general grade cards. The use of these will be explained more 
fully later. The card forms are exactly the same. 

The column heads on our Hollerith card are in the main self-explanatory. 
An explanation of a few may be necessary. The item “Auditor’s number” 
(columns 1-4) is used for identification of the manila grade cards, since these 
do not have the students’ names typed on them. (Each student’s “permit” 
or course card is given a serial number by the finance office when the student 
pays his fees.) The “name” item (columns 5-7) is used merely to facilitate 
alphabeting the master file. “General average elimination” (column 32) and 
“Specific semester used” (column 33) are used in connection with calculating 
a general all-University average for fraternity eligibility purposes. 

Columns 1 through 10 are punched immediately after registration in the 
fall so that preliminary reports of registration by sex, colleges, modes of 
admission, etc., may be had. The various November 1st reports asked of reg¬ 
istrars are also tabulated from this first punching. 

Columns 11 through 36 are coded on the intermediate card and punched 
in the Hollerith master card during the session and various tabulations such 
as Modes of Admission, Geographical Distribution, Nativity, Religious Prefer¬ 
ence, Parent’s Occupation, etc., are compiled. These tabulations are made 
up in the spring in order that second semester registrations may be included. 

Changes in columns 34, “Withdrew,” and 35, “Number Semesters Com¬ 
pleted”, are made at the end of the session to adjust for withdrawals after 
the master cards are punched. These columns, however, do not affect any 
previous tabulations, but are used in connection with student grade averages 
which are compiled after the close of the session. 

After the session has closed and after grades are recorded in the office, 
manila Hollerith cards are punched to record courses taken, grades received, 
etc. This completes the “Scholastic Record” item (columns 39-45). We 
use a Hollerith electric duplicating punch for this purpose and duplicate 
on the manila grade card all the information previously punched on the 
master card, that is, columns 1-38. A separate manila card is punched for 
each different grade in each course for each student. This enables us to corre¬ 
late any item of the personal information with any or all of the scholastic 
record. For each student, therefore, we punch one master card and one or 
more manila grade cards, the number of the latter depending on the number of 
courses taken and grades made. 
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Intermediate 
Statistical Card 
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Number 

V//£ 

16-19: Age 


32: Gen. Avg. 
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.27? 

20-21: Nativity 
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8: Sex 
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34: Withdrew 
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School 


25: Working 


35: Number Sems. 
Completed 
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Adm. 
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0 f 

36: Part Time 

0 
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28-30: Parent’s 

Occupation 

Xjo 

37: 
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s? 

31: Rank 


38: 



Fig. 47 


The course numbering plan in use at The University of Texas is especially 
well adapted for recording on the statistical card. I quote excerpts from our 
bulletins explaining our course numbering: 

“The uni t of measure for credit purposes is the semester hour. . . . 
Courses are designated by numbers . . . which indicate both rank and 
credit value in semester hours. ... A number between 200 and 299 indicates 
a value of two semester hours, one between 300 and 399 a value of three 
semester hours, etc. The two digits on the right indicate the rank of the 
course; if between 0 and 9 the course is of freshman rank; if between 10 
and 19, of sophomore rank; if between 20 and 59, of junior rank; if be¬ 
tween 60 and 79, of senior rank; if between 80 and 99, of graduate rank.” 
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Each teaching department is given a code number (columns 39-40). The 
course number is punched in columns 41-43 on the manila cards. The value 
of the course in semester hours is shown in column 41, and by adding the 
value of the punches in this column for a specific group of cards we obtain 
the total hourage registered for, passed, or failed, according to the sort pre¬ 
viously made on the grade column (column 44). The rank of the course is 
shown in column 42, and by sorting the grade cards on this column informa¬ 
tion classified according to the rank of courses is obtainable. 

Some of our courses are completed in one semester, while others con¬ 
tinue through the session. In punching the grade cards we punch a sep¬ 
arate card for each different grade earned in each course by each student. 
As an illustration, if a student has a particular course which extends through 
the session, and he received a grade of B on the first semester and a grade 
of C on the second semester of the course, a separate card is punched for 
each half of the course. The hourage value for each half is shown propor¬ 
tionately on each card in column 41. Assume that the course is an eight- 
hour course (four hours each semester) numbered 821 extending through 
the session and that the student received grades of B and C as mentioned 
above. Two grade cards would be punched, each carrying the course number 
421 in columns 41-43, but the first card would show a grade of B in column 
44 and first semester in column 45, while the second card would be punched 
to show grade C in column 44 and second semester in column 45. 

As a second illustration, assume that the student received a grade of B 
on each semester of the same course mentioned above. Only one card would 
be punched. The course number 821 would be punched, the 8 in column 41 
indicating that the course value was eight hours. The grade B would be 
punched in column 44, and column 45 would be punched to show the grade 
was for the entire session. 

In each of these cases column 41 would show a total hourage value of eight. 
This plan of punching permits all grades to be indicated with the hourage 
value governed by each grade rank. In calculating group averages it is very 
important that grades and hourage governed by those grades be properly and 
fully shown. 

Column 45 is punched to show the semester in which the specific course 
recorded was taken. The information in this column permits correlation of 
other data with grades and hours by semesters, and makes possible the cal¬ 
culation of group averages by semesters if needed. 

The tabulating card (Fig. 46) is typical of the cards we punch and records 
the following information: 


Columns 1-4 
“ 5-7 

“ 8 
“ 9 

“ 10 
“ 11-14 

“ 15 


Auditor’s number: 4116 
Name: John Doe 
Sex: Male 

College or School: Arts and Sciences 
Mode of Admission: From Texas secondary school 
School admitted from: Terrill School 
Freshman quarter: 3rd 
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16-19 Age: 19 years, 10 months 
20-21 Nativity: California 

22-24 Registered from: Shackelford County (Texas) 

25 Working: Has earned or is earning all expenses 
26-27 Religion: Is a member of the Christian Church 

28-30 Parent’s occupation: Service car operator 

31 Rank: First-year freshman 

32 Gen. avg. elim.: Yes 

33 Specific sem. used: Neither semester 

34 Withdrew: No 

35 No. sems. completed: 2 

36 Part time: No 

39-40 Dept.: English 

41-43 Course: 601 

44 Grade: B 

45 Semester: Grade is for a full session 


Explanation of Codes Used, etc. 

Name —columns 5-7. A three-column code is used for this item, the numbers 
running from 001 through 999. 

Sex —column 8. Only two numbers are needed here: 1, male; 2, female. 

College or school —column 9. We have seven colleges and schools at the Main 
University, and our code is: 

1— College of Arts and Sciences 

2— School of Business Administration 

3— School of Education 

4— College of Engineering 

5— Graduate School 

6— Law School 

7— College of Pharmacy 

Mode of Admission —column 10. A student may gain admission to the Uni¬ 
versity in one of eleven ways. We therefore need only a one-column code. 
It is as follows: 

1— Readmission to the same college or school 

2— From Texas secondary schools 

3— From out-of-state secondary schools 

4— From Texas senior colleges 

5— From out-of-state senior colleges 

6— From Texas junior colleges 

7— From out-of-state junior colleges 

8— By individual approval 

9— By interdepartmental transfer 

11— By entrance examination 

12— By combination of entrance examinations, high school certificate, etc. 
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School admitted from —columns 11-14. Each school in Texas, both secondary 
and of college grade, is assigned a code number. Secondary schools are 
listed in a bulletin on accredited schools issued by our State Department of 
Education, and this forms the basis of our secondary school code. 

There are between 75 and 100 colleges in the State, and we receive 
students from nearly all of them. We use a code that permits us to 
separate the cards with a minimum number of sorts by type of school 
or by specific institution. The plan of the code is thus: 

1000-1999—Texas secondary schools 

3000-3499—Texas senior colleges, subdivided as follows: 

3100 series—State Teachers colleges 
3200 series—Other State supported schools 
3300 series—Denominational schools 
3400 series—Other schools 

5000-5299—Texas junior colleges, subdivided as follows: 

5100 series—Municipal and State supported colleges 
5200 series—Denominational and private colleges 
We do not attempt to code out-of-state schools by specific institution, 
hut only by type, thus: 

2000—Out-of-state secondary schools 
4000—Out-of-state senior colleges 
6000—Out-of-state junior colleges 

Freshman quarter —column 15. This refers to the quarter of the graduating 
class in which the student ranked in the secondary school, and is punched 
only in the case of new freshmen coming to us directly from secondary 
schools. The code is: 

1— —First quarter 

2— Second quarter 

3— Third quarter 

4— Fourth quarter 

5— Unknown or not given 

6— New individual approval students—not secondary school graduates 
This same column is used to record data concerning transfers from 

junior colleges. In working out the scholastic performance records in the 
University of transfers from junior colleges, we indicate on the statistical 
cards whether or not the student is a graduate of the junior college, and 
in compiling the performance records prepare comparative statements of 
the performance of the junior college graduates and non-graduates. 

The coding is 7 for a graduate and 8 for a non-graduate. 

We use only one punch in a column, but the above do not conflict 
since the students entering from high schools and those entering from 
junior colleges are in different categories. 

Age — columns 16-19. We punch the student’s age in years and months, and 
calculate each student’s age up to October 15 of the session involved. 
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We assume a common birthday as the fifteenth day of each month, thus 
avoiding fractions of a month. We found by actual test that the birthdays 
were approximately evenly distributed between the first half and the last 
half of each month. 

Nativity —columns 20-21. We tabulate nativity by states, territories and pos¬ 
sessions, and foreign countries. A two-column code, numbered from 01 
to 99 takes care of our needs, each state, etc., being assigned a code 
number. 

Registered from —columns 22-24. This provides for our geographical distribu¬ 
tion report of students. We use a three-column code and distribute ac¬ 
cording to counties in Texas, states, territories and possessions, and foreign 
countries. Each county, state, etc., is assigned a code number. 

Working —column 25. This refers to the student who has earned or is earning 
a portion of his expenses. This information is taken from a blank filled 
out by the student at registration. 

Religion —columns 26-27. The student is asked at registration to indicate 
his church membership, or if not a member, his preference. We list the 
various denominations alphabetically, and use a two-column code, assign¬ 
ing the numbers 01 to 49 to indicate membership, and 51 to 99 preference. 
Thus a student who is a member of the Methodist Church is punched 16, 
and one who is not a member but prefers the Methodist faith is punched 66. 

Parent's occupation —columns 28-30. We use a three-column code for occu¬ 
pations, numbering from 001 to 999. We classify the various occupations 
under ten main divisions with as many subdivisions under each as may 
be needed. The general plan of this code is: 

0 series—Agriculture, animal husbandry, fishing, and forestry 
100 series—Extraction of minerals 
200 series—Manufacturing and mechanical industries 
300 series—Transportation 
400 series—Trade 
500 series—Public service 
600 series—Domestic and personal service 
700 series—Professional 
800 series—Clerical 
900 series—Miscellaneous 

We prepare for the operator’s use a complete alphabetical list of all 
the occupations involved with appropriate code numbers. 

Rank —column 31. There are ten possible ranks or classifications at the Univer¬ 
sity, exclusive of graduate students, and therefore a one-column code is 
sufficient, as follows: 

0—Graduate student 

1— -Freshman other than first year 

2— Sophomore 
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3— Junior 

4— Senior 

5— Fifth year (holder of degree but doing undergraduate work) 

6— First-year freshman 

7— Junior law 

8— Middle law 

9— Senior law 

11— Individual approval student (other than first year) whose entrance 
conditions are not satisfied. 

12— Special 

Withdrew —column 34. This is to indicate the students who withdrew each 
semester. The code used shows the time of withdrawal. 

Number of Semesters —column 35. This is to record the number of semesters 
the student completed during the session, and is used in calculating various 
group averages. The punching is 0, 1, or 2, as the case may be. 

Part time —column 36. This is to indicate the student who carries less than 
the normal load. Those who carry less than twelve semester hours are 
considered part time. The count for this item is made as of the end of 
each semester since a student may be part time in one semester and carry 
a normal load in the other. This information is necessary in arriving at 
accurate group averages. We use a code which indicates the different 
possible combinations for part-time and full-time students. 

Department —columns 39-40. Each teaching department is assigned a code 
number. These are blocked off according to colleges and schools in order 
that the cards may be arranged by departments within colleges and schools 
with a minimum number of sorts. Thus the numbers 01 to 29 are assigned 
to departments in the College of Arts and Sciences; 30 to 39 to the School 
of Business Administration; 40 to 49 to the School of Education; etc. 

Course —columns 41-43. The course number is punched according to the hour- 
age value as explained on page 50. 

Grade —column 44. Our grades are coded in one column as follows: 

1— A 

2— B 

3— C 

4— D (lowest passing grade) 

5— E (condition) 

6— F, G (failure) 

7— Examination or work officially postponed 

8— Incomplete or grade missing 

9— Dropped course officially or withdrew from school 
11—Dropped course officially with a failing grade 

1st sem., 2nd sem., session —column 45. This column is used to indicate the 
semester in which the course punched on that specific grade card was 
taken. The code is 1 for first semester, 2 for second semester, and 3 if 
the course is punched for the entire session. 
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Accuracy Checks 

Certain of our codes when punched can he cheeked on the sorter against 
each other for accuracy of coding and punching. As an illustration, first- 
year freshmen may he classified by rank (column 31) in only two groups— 
6 or 12. So if we sort on column 10 (Mode of Admission) and take out the 
cards for all students who were admitted as first-year freshmen and then sort 
these cards on column 31 (Rank), we would find they were all sixes or 
twelves. Any other punch in this column would show an error. Similarly, 
law students may have only one of four possible rank classifications. They 
must be junior, middle, senior, or special laws. By sorting the appropriate 
columns any error of this type in coding or punching will be disclosed. It 
is not possible, of course, to verify all of the different columns in this manner. 
To insure accuracy of the more important items on the master cards, after 
columns 1 through 10 are punched, the punched card is checked back against 
the original sources before any tabulations are made. 

Types of Statistical Work Compiled 

We compile from our statistical cards certain tabulations for our annual 
report, and in addition work up a number of special reports giving averages, 
etc., for different groupings of students. Special studies are also made as 
occasions arise. 

Some of our reports and tabulations are: 

Monthly and session registration by sex, college or school, and rank 

Modes of admission by sex and college or school 

Nativity 

Geographical distribution 
Church affiliation and preference 
Occupation of parents 
Working students 

Student ages by rank and college or school 

Summary of semester hours registered for, passed, and failed classified 
by subjects, colleges and schools, rank of courses, and grade earned 
Analysis of performance of first-year freshmen grouped according to 
rank in high-school graduating class—analysis by sex, college in which reg¬ 
istered, grades, and hours earned 

Averages of freshmen coming from accredited schools in Texas arranged 
by schools from which admitted ' 

Comparison of November 1 registration with preceding year by sex, 
college or school, and mode of admission 

Analysis of courses taken by graduate, senior, and junior students ac¬ 
cording to rank of students, rank of courses taken, and grades earned 
Monthly report of departmental loads by rank of courses 
Analysis of subjects presented by freshmen for admission 
Correlation of high school performance, aptitude tests, and college per¬ 
formance. 

A few of these reports are illustrated on the following pages (See Figs. 48 
to 53). 


55 



Geographical Distribution of Students in the Main University and 
in the School of Medicine for the Session of 1932-1933, and 
in the Main University for the Summer of 1933 
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the Main 


University for the Session of 1932-1933 







Preference 


Total 



Men 

Women 

Both 

Men 

Women 

Both 

Man 

Women 

Both 


1 

0 

1 

1 

0 

1 

2 

0 

2 


808 

353 

1161 

145 

27 

172 





265 

136 

401 

21 

3 

24 

286 

139 



254 

165 

419 

49 

14 

63 

303 




27 

23 

50 

25 , 

24 

49 





88 

48 

136 

11 

0 

11 

99 



Congregational 

19 

19 

38 

9 

0 

9 




Disciple of Christ 

3 

0 

3 

0 



3 


3 

Eplscopwl 

249 

211 

460 

41 

32 

73 

290 


533 

Evangelloal 

6 

4 

10 

4 

1 

5 


5 


Friends 

2 

0 


0 

1 




3 


6 

1 

7 

2 

1 

3 





158 

84 

242 

51 

19 

70 

209 



Latter Day Saints 

1 

2 

3 

0 

0 

0 

1 




104 

54 

158 

23 

5 

28 

127 




1143 

592 

1735 

191 

54 

245 

1334 

646 

1986 

Moravian Brethren 

2 

2 

4 

1 

0 

1 

3 


5 


0 

1 

1 

0 

0 

0 

0 

1 

1 

Presbyterian 

503 

285 

788 

70 

38 

108 

573 

323 

696 

Quaker 

1 

0 

1 

0 

0 

0 




Spiritualist 

0 

1 

1 

0 

0 

0 

0 

1 



4 

0 

4 

8 

4 

12 



16 

Unlversallst 

_L 
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_2 

— k 

_!> 

_ L 

_2 

_1 

_2. 

Total 

3645 

1982 

5627 

653 

223 

876 

4298 

2205 

6503 

Not Given 

56 

25 

81 

— 

— 

— 

56 

25 

81 

No Preference 

•— 

— 

— 

125 

30 

155 

125 

30 

155 

Grand Total 

3701 

2007 

5708 

778 

253 

1031 

4479 

2260 

6739 



Fig. 49 


Summary of registration, passing, failing, grades earned, etc. for Long Session 

1932-1933 



Tiie sum of the figures in "Percent Passed?' and "Percent Failed" columns does not 
always equal 100$ because the figure for dropped courses, withdrawals, incompletes, 
etc., is not shown in this report. 
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Occupation of Parents of Students In the Main University 





for the Seeelon of 1952-1955 


Agriculture, Animal Hus 





Domestic & Personal 


bandry, Fishing and 





Service: 


Forestry: 



Trade: 









Barber . . 

\30 

Cattleman or Stockman . 

54 


Advertiser. 

9 

Beautjr Specialist. . . . 

2 

Dairyman. 

17 


Auto Business .... 

46 

Boarding House. 

28 

Farmer. 

6l8 


Auto Loans. 

1 

Chaperon. 

1 

Florist ... . 

a 


Banker. 

119 

Cleaner.. 

10 

Gardener. 

4 


Broker. 

40 


2 

Horticulturist. 

15 


Butcher . . . 

11 

Dietitian . 

8 

Lumberman . . 

60 


Capitalist. 

9 

Hatter. 

2 

Lumber Dealer . 

22 


Cashier . 

11 

Hotel Proprietor. . . . 

25 

Nurseryman. . . 

9 


Clerk.. . . 

45 

Housekeeper . 

31 

Poultryman. 

5 


Coal Dealer . 

4 

Housewife . 

182 

Rancher . 

151 


Confectioner. 

8 


1 

Truck Farmer. 

1 


Cotton Buyer. 

56 

Landlord.. . 

23 



940 

Cotton ClasBer. 

1 

Laundryman. 

14 

Extraction of Minerals: 



Cotton Merchant . . . 

29 


1 




Cotton Seed and Products 8 

Restaurant Owner. . . . 

25 

Driller . 

11 


Credit Association 


Rooming House ..... 

6 

Geologist . 

7 


Employee. 

1 

Shoe Repairer . 

5 

Miner . 

5 


Credit Man. 

5 

Superintendent of 


Mine Owner. 

1 


Creamery Manager. . . 

3 

Grounds ....... 

2 

Oil Field Worker. . . . 



Druggist. 

75 

Watchman. • . . 

2 



47 

Employment Bureau . . 

1 


4 00 

Manufacturing and 



Estimator . 

2 



Mechanical In- 



Executive . 

26 



dustrles: 



Exporter. 

2 


9 




Financier . 

7 


35 

Baker. 

10 


Foreman . 

7 


11 

Blacksmith. 

9 


Fuel Dealer . 

2 



Boilermaker . 

2 


Furrier . 

1 


26 

Bookbinder........ 

2 


Garage Manager-Owner. . 

20 



Bottler . 



Gas and Filling Station 

23 



Bricklayer. 

1 


Grain Dealer. 

12 


1 

Cabinet Maker . 

6 


Grocer. 

67 


45 

Carpenter . 



Huckster. 

2 



Construction Engineer . 

3 


Ice Dealer. 

1 


2 

Contractor . 

l4l 


Importer. 

3 

Court Reporter. .... 

4 

Cooper . 

1 


Inspector . 

3 


8 

Cotton Compress . . . . 

2 


Insurance . 

140 


38 

Electrician . 

9 


Investments . 

•23 


4 

Engineer . 

51 


Jeweler ......... 

24 


1 

Foundry . 

2 


Jobber. 

6 


15 

Glnner . 

28 


Junk Dealer . 

2 

Electrical Engineer . . 

16 

Ice Manufacturer. . . . 

8 


Loans & Mortgages . . . 

11 


1 

Iron and Steel Worker . 



Manager . 

6fl 


2 

Laborer . 

16 


Merchant. 

581 


3 

Linotypiet. 

5 


Miller. 

11 

Laboratory Technician . 

1 

Machinist . 

12 


Milliner. 

4 


318 

Manufacturer. . . . . 

4-5 


Motion Picture. 

1 


2 

Mason . 

2 


flowsdealer. 

6 


2 

Mechanic. 

25 


Official Building and 



1 

Metal Worker. 

3 


Loan Association. . . 

1 


98 

Oil Mill Worker .... 

5 


Oil Business. 

189 


3 

Painter « . 

6 


011 Well Supplies . . . 

5 


3 

Paperhangor . 

1 


Packer. 

1 


10 

Pattern Maker . 

1 


Produce Business. . . . 

7 


17 

Plasterer . 

2 


Promoter. 

4 


19 

Plumber . 

12 


Public Utility 




Printer ........ 

28 


Employee. 

11 

Pathologist . 

1 

Sawfller. 

1 


Publisher . 

17 


2 

Seamstress. 

9 


Read Estate . 

178 


20 

Stationary Engineer . . 

k 


Refining. 

3 


4 

Stone Cutter.. 

2 


Salesman. 



260 

Tailor. 

9 


Shipping Clerk. 

3 



Tinner. 

1 


Stone Dealer. 



39 

Toolmaker.- . 

1 


Storage ... . 

8 


1 

Upholsterer . 

1 


Sugar Company Employee. 

1 



Woodworker. 



Theater . 



8 

Wool Sorter . 

1 


Trader. 

2 





521 

Undertaker. 

8 



Transportation: 



Warehouse.. . 

2 






Wholesaler. 

46 

Surveyor. 

5 

Arlator . 






236 

Claim Adjuster. . . . . 

• 7 


Public Service: 



1 

Deliveryman . 

4 





2 

Express Agent . 

5 


Agent, U. S. Custom 


T.W.C.A. 

j 

Pilot . 

2 


Service . 

1 



Railroad Employee . . . 

224 


Army Officer. ..... 

35 



Railroad Executive. . . 

6 


City Employee . 

54 



Seafaring . 

2 


City Official . 

6 


16 ! 

Steamship Employee. . . 

4 


Congressman . 

-3 



Street Car Employee . . 

1 


County Employee .... 

18 


83 

Telegraph Employee. . . 

12 


County Official .... 

39 


269 

Telephone Employee. . . 

18 


Diplomat.. . 

1 


4 

Truck Driver. . . . . . 

10 


District Clerk. 

5 





294 

Government Employee . . 

58 


417 

Clerical: 



Jailer. 

1 






Judge . 

21 

TOTAL. 

6739 

Agent . 

10 


Postmaster. 

,-4 



Bank Employee .... 

1 


Post Office Employee. . 

76 



Bookkeeper. 

56 


Ranger. 

1 



Civil Service .... 

9 


Sheriff . 

2 



Collector ...... 

7 


State Service Employee. 

91 



Information Agency. . 

2 


Tax Collector ..... 

4 



Recorder. 

1 


United States Senator . 

1 



Secretary . 

24 


University Employee . . 

22 



Stenographer. .... 

18 



441 





108 
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Scores Made by Freshmen Grouped by Secondary Schools 
from Which They Came 

1933-1933 

In this tabulation tnere Is given tue number of freenmen coming 
from eacn school, the number of semesters completed oy full-time stu¬ 
dents from eacn school, and the score made by these full-time students. 

In determining the score made by tne students from eaon oohool, 
the following procedure was observed: 

1. The score for each school represents tne average number of sem¬ 
ester hours passed per student on a D-grade basiq. 

3. Only completed semesters were counted. If a student withdrew 
during a semester, that semester of attendance was not counted. 

3. Only full-time students were counted. By "full-time" student is 
meant a student who carried at least twelve semester hours of 



Galveston 

Gatesville 

Georgetown 

Giddlngs 

Gilmer 

Gonzales 

Goose Creek 

Graham 

Grand Saline 

Granger 

Orapeland 

Greenville 


31 39 

1 2 


;Kum- 

. 

Number : 


:ber 

:full-time: 


:Stu- 

; | 

3emesters: 


School :dentw :Campletedr 

Score 

Highland Park 30 

37 

39.5 

Hillsboro 

Hockaday 

i 

1 

31,8 

School 

Holding 

3 

S 

31.1 

Institute 

3 

4 

39.1 

Hondo 

5 

6 

38.1 

Honey Grove 

3 

4 

33.6 

Houston 

Reagan 

47 

*§ 

37.7 

35.4 

Mllby 

1 

3 

34.4 

8am Houston 

8 

13 

37.1 

San Jacinto 

34 

63 

37.9 


Fig. 53 


Use of Equipment by Other Departments 

The Hollerith equipment is made available to any other department in the 
University which has need for it, and several divisions make use of it. It is 
used also for demonstration purposes before the various classes in statistics, 
and is available for use by graduate students in working out statistical problems. 
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PART II 


Applications in the Registrar's Office 

CHAPTER Y 

University of Oregon 

By 

Clifford L. Constance 
Assistant Registrar 

T)ERMANENT records of students’ academic work all too often are as static 
and inflexible as if cut in stone. They are excellent depositories of data but 
they are of slight direct value for analysis and summary purposes. At the 
University of Oregon, at least, our permanent records of students’ work are 
simply sheets bearing written lists of courses carried and grades earned. In 
this age of inquiry and research they need supplementing with some record 
which can facilitate comparisons and analyses within and between individuals’ 
records. It is for this purpose that we constructed and introduced a “Sum¬ 
mary Tabulating Card.” (See Figs. 54 and 55) described below as it has been 
revised after several years of experience in use. This card serves two large, 
related functions for us. First, it provides a cumulative current check on 
students’ progress toward fulfilling the various academic requirements; this 
progress is simply written on the card and may not be punched into the card 
except for special purposes. Second, it permits the selection and study of 
student records on a great number of classifications, which are punched into 
the card. It is from this second function of the card that there follows its 
immense value in research. Slight modification, if desired, would fit it also for 
a complete record and directory card of alumni; our previous form of this 
card, for instance, provided space for addresses and family history subsequent 
to graduation from the University. 


The Back of the Summary Card (Fig. 54) 


'NAME dcno.3. \f*SQ.ph Jttceb CLASS J MAJOR ^// 

al*n DEGREE BA \ 

ACADEMIC REQUIREMENTS LACKED 

English K 

Ah 










Entr. a*" 

En<r. M- 

\ 

I 

_i a a 

’ ail 

i i 

~ l i 

"■ ■ ■ 

English 

Composition 

vHI 










Eng. 

Comp.* - * 

Physical 

Education 

♦2J a 

i 









Phys. 

Military ^or 

3 

z 

/ 









lil.Tr X 

Groups 

I 












w 

n 


2 










i- 

m 




B 


■ 






S:£l. 

£ 

u_ : 



Upper Div. 
Credits 

6,2- 



m 

m 

so 






a 

r 

■ 




J.C. 

U.D.Cr 

Major 

Credits 

3o 

2.4 



12. 

IS 

HI 

U— 











Maj. 

aArr 

Credit after 

J. C. 

4s 


B 

ES 

19 

IS 





a 






Ancr 

J.C. 

Degree 

Subjects 

B 



m 

U 

C 











Degr. 

, Cr.GPA 

L: 

lecked 

After Term: 


m 

m 

m 

M 

as 

6 

T _ 

8 

9_ 

19 

n 

12 

13 

14 

16 



Fig. 54 

59 






After the close of each school term the permanent record of each student is 
completed and his Summary Card is rechecked to date. Our undergraduate 
academic requirements may be summarized briefly as follows: 

Junior Certificate Requirements: 

Entrance: Clear of conditions. 

English K: Passing of entrance English examination or of Corrective Eng¬ 
lish course. 

English Composition: 9 term hours. 

Physical Education: 6 terms. 

Military Science: 6 terms for men. 

General Hygiene: 3 terms for women. 

Group Requirements: Prescribed amount of work selected from three 
“groups” representing comprehensive fields of knowledge, according to 
major. 

Credits and Grade Point Average: 93 term hours, 1.00 GPA. 

Graduation Requirements: 

Junior Certificate: Earned. 

Upper Division Credits: 45 or 62 term hours, according to major. 

Major Credits: 36 (including 24 upper division) term hours in the major. 

Credits After Junior Certificate: 45 term hours. 

Degree Subjects: Prescribed subjects, according to degree sought. 

Credits and Grade Point Average: 186 term hours, 1.00 GPA. 

The top three-fifths of the back of the card, it is apparent, is devoted to Junior 
Certificate requirements and the bottom portion to graduation requirements. 
The status of different requirements as listed at the left is checked term by term 
in each row across the card; when completely fulfilled, the requirements are 
checked off in the column at the extreme right. “Entrance,” “Credits and 
Grade Point Average,” and “Junior Certificate” are checked only when satis¬ 
factory and therefore need not be carried along from term to term in separate 
rows. The illustration shown is a student who entered the University as a 
sophomore, completed his Junior Certificate requirements during the first year 
here, and has now completed two terms in the upper division. He is working 
toward a Bachelor of Arts degree, with a major in History. It may be noted 
that his record has been checked for five terms in the University, that all his 
Junior Certificate and his Major Credits requirements are fulfilled. It is pos¬ 
sible at a glance to tell this student what work he still needs to qualify for 
graduation and for the B.A. degree; when all the graduation requirements are 
checked off at the right he will be so qualified. The blank corner at the upper 
right may be used for supplementary checking, such as that for a teaching 
certificate. 

We have used this information principally as a part of office routine and 
for ready reference, and have not punched it into the card for mechanical 
sorting. Very obviously this would be simple to do if it were desired. The 
data we do punch are shown on the face of the card. 
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The Front of the Summary Card (Fig. 55) 



The front of the Summary Card is more typical of a tabulating card, except 
for a cumulative term by term grade record which is related to the information 
on the back of the card but is removed from there to avoid congestion and 
resultant punching of holes into rows of written data. The other items on the 
face of the card are those which are used in personnel research and in analytical 
studies of various types. They are eoded at the left end of each row, and 
punched for mechanical sorting. All data shown above the grade record assume 
permanent values not later than the end of the first term in the University. 
Therefore they may be punched as the permanent bases for an infinite variety 
of segregations and studies. 

We are now in process of preparing a detailed report to each high-school 
principal in the state of Oregon, listing all of his former students who have 
come to the University during a certain period (sorting by school and matricula¬ 
tion date, and alphabetizing names), together with their personnel data and 
scholastic achievement. One particularly interesting research project for which 
we have used these data leads to regression equations for estimating grade point 
average and terms of attendance; this project has been based upon a total group 
of nearly 5000 students, and we consider it to be of great importance. Inci¬ 
dentally over 100 product-moment zero-order intercorrelations were computed 
in the process of this study, and the Hollerith technique immensely facilitated 
segregation of data for the correlation charts. The convenience of this method 
is illustrated by the sample chart (Pig. 56), (a simplified type, only 8*4 by 11 
inches in size, developed by the Psychology Department of the University). 
The 1983 cases included here were sorted first by columns (terms), then by rows 
(GPA) within columns, and the appropriate number of cases written directly 
in each cell of the chart. Errors of hand tabulation were avoided, and we 
found a simple way to check the accuracy of summations. Also an indefinitely 
large number might be written in each cell instead of the mere twenty cases 
possible with hand tallying. 
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Fig. 56—Sample Correlation Chart 








Codes 

Our codes, for reducing data to numerical digits for punching and sorting, 
of course, are especially adapted to the University of Oregon. We have just 
completed a four-digit, 10,000-division code for proper names which we expect 
will almost perfectly alphabetize our enrollment of 2500 students. Previously 
we had used a three-digit code but found it inadequate for complete alpha¬ 
betizing: in one group numbering 1346, for example, 372 students were coded 
the same as one or more others, and the duplication ran as high as eight indi¬ 
viduals with the same code number. The skeleton of the four-digit code con¬ 
sists of nearly all possible three-letter combinations; this detail was restricted 
for Q and X and a few other unusual combinations, but all were included which 
appear in the New York or the Portland telephone directories. Approximately 
two-thirds of the 10,000 divisions were thus determined; and further interpola¬ 
tions beyond the third letter and into common proper names and their initials 
were made by inspection of frequencies in the University’s own file of some 
40,000 student names. (The complete name code described above appears as an 
appendix, on pages 67 to 90. 

Codes for other data, on the Summary Card are as follows (X or blank 
used for none or unknown): 

Sex: 

1 Male 

2 Female 

Term, Matriculated (similar to a month code): 

9 Fall Term 

1 Winter Term 

4 Spring Term 

Last two digits for year (32 for 1932) 

Preparatory School and College: 

Two-digit code for each, especially detailing Oregon and other Pacific 
Coast schools 
Age at Matriculation: 

Two digits, directly to nearest year 
Prep. ( Preparatory ) Decile: 

One digit (0 for Tenth), directly from our empirical equating of pre¬ 
paratory-school grade scales 
Psy. ( Psychological ) Decile: 

One digit, from score on American Council on Education Psychological 
Examination 

Advanced Credits at Matriculation: 

Three digits, directly 
Grade Point Averages (GPA): 

Two digits (9 for Minus), to one decimal place 
Terms: 

One digit (0 for Ten, X for Eleven, Y for Twelve), directly 
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Scholarship Penalties at University of Oregon: 

1 Probation 

2 Disqualification 

3 Both Probation and Disqualification 

Graduated from University of Oregon: 

0 No 
1 Yes 


Other Cards 

As we have said, our Summary Card serves these two principal purposes: 
(1) a convenient summary of academic record, and (2) a powerful summary 
of data for personnel and academic research. The original use for Hollerith 
equipment at this University was to aid in the compiling of statistical reports 
and of lists and directories. This use continues undiminished, although our 
techniques change frequently. For this purpose we now are using a “Statistical 
Tabulating Card,” (Fig. 57) with a “Registrar’s Data Card” (Fig. 58) for 
accumulating part of the necessary data for it. These cards are made with 
stubs for binding in each student’s booklet of registration forms and are filled 
out by him, the former once a year and the latter but once during his University 
career. The Summary Card (see Figs. 54 and 55) on the other hand, is 
made out in the Registrar’s Office and is always retained there. Permanent 
information supplied on the Data Card is coded on the margin of the same 
card and punched into the first 35 columns of the Statistical Card. The latter 
bears a written record of changeable information with values as of one specified 
academic year, which information is punched into the remaining 45 columns. 
Enrollment reports (by sex, class, major, matriculation date; by session, and 
excluding duplicates between sessions), tables of personnel data (age, ability 
measures, self-support, etc.), lists of students and parents by home addresses— 
these are a few examples of the wide usefulness of this Statistical Card. But 
it is a different usefulness from that of the Summary Card. 
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Conclusion 

The Summary Tabulating Card we have described is designed with details 
for our particular situation at the University of Oregon. Academic require¬ 
ments of other schools of course are different from ours hut progress toward 
meeting them can he checked by the procedure described with this card. The 
factors we have used in personnel research (those appearing on the face of the 
card) have been selected after nearly ten years of experiments at the University, 
particularly by Dr. Howard R. Taylor in the Bureau of Personnel Research. 
Other schools may prefer to use different data and various statistical techniques. 
But the significant feature of this card is that a minimum of duplication 
supplements the fixed record with a flexible and active tool. Admittedly we 
still are experimenting with it, and with the other cards mentioned. But we 
believe the Summary Card fills a unique place by facilitating ready analysis 
of a student’s academic record and his more permanent personal characteristics. 
Certainly if education is to be fitted to the student such study is fundamental. 
And on this card the data of our static permanent records are electrified for 
these dynamic functions. 


65 















APPENDIX TO PART II 


Applications in the Registrar's Office 

CHAPTER V 

University of Oregon 
A 10,000 division code for proper names 



Aaa to Andi 


Ua 


0000 

lab 


0001 

lac 


0002 

lad 


0003 

lae 


0004 

laf 


0005 

lag 


0006 

lah 


0007 

lai 


0008 

laj 


0009 

lak 


0010 

lal 


0011 

lam 


0012 

ian 


0013 

lao 


0014 

lap 


0015 

laq 


0016 

lar 


0017 

las 


0018 

lat 


0019 

lau 


0020 

lar 


0021 

law 


0022 

lax 


0023 

lay 


0024 

laz 


0025 

Iba 


0026 

Abb 


0027 

Abbo 


0028 

Abe 


0029 

Abd 


0030 

Abe 


0031 

Ibf 


0032 

Abg 


003? 

Abh 


0034 

Abi 


0035 

Abj 


0036 

Abk 


0037 

Abl 


0038 

Abm 


0039 

Abn 


0040 

Abo 


0041 

Abp 


0042 

Abq 


0043 

Abr 


0044 

Abram 


0045 

Abs 


0046 

Abt 


0047 

Abu 


0048 

Abv 


0049 

Abw 


0050 

Ahx 


0051 

Aby 


0052 

Abz 


0053 

Aca 


0054 

Acb 


0055 

Acc 


0056 

Acd 


0057 

Ace 


0058 

Acf 


0059 

Acg 


0060 

Ach 


0061 

Aci 


0062 

Acj 


0063 

Ack 


0064 

Ac! 


0065 

Acm 


0066 

Acn 


0067 

Aco 


0068 

Acp 


0069 

Acq 


0070 

Acr 


0071 

Acs 


0072 

Act 


0073 

Acu 


0074 

Act 


0075 

Acw 


0076 

Acx 


0077 

Acy 


0078 

Acz 


0079 

Ada 


0080 

Adam 


0081 

Adams 

A 

0082 

“ 

B 

0083 


Adams 

0 

0084 

«« 

D 

0085 

tt 

E 

0086 

it 

F 

0087 

a 

G 

0088 

tt 

H 

0089 

a 

J 

0090 

<< 

L 

0091 

44 

M 

0092 

44 

N 

0093 


R 

0094 


S 

0095 

44 

T 

0096 

44 

W 

0097 

Adamsa 

0098 

Adb 


0099 

Ade 


0100 

Add 


0101 

Ade 


0102 

Adf 


0103 

Adg 


0104 

Adh 


0105 

Adi 


0106 

Adj 


0107 

Adk 


0108 

Adi 


0109 

Adm 


0110 

Adn 


0111 

Ado 


0112 

Adp 


0113 

Adq 


0114 

Adr 


0115 

Ads 


0116 

Adt 


0117 

Adu 


0118 

Adv 


0119 

Adw 


0120 

Adx 


0121 

Ady 


0122 

Adz 


0123 

Aea 


0124 

Aeb 


0125 

Aec 


0126 

Aed 


0127 

Aee 


0128 

Aef 


0129 

Aeg 


0130 

Aeh 


0131 

Ael 


0132 

Aej 


0133 

Aek 


0134 

Ael 


0135 

Aem 


0136 

Aen 


0137 

Aeo 


0138 

Aep 


0139 

Aeq 


0140 

Aer 


0141 

Aes 


0142 

Aet 


0143 

Aeu 


0144 

Aev 


0145 

Aew 


0146 

Aex 


0147 

Aey 


0148 

Aez 


0149 

Afa 


0150 

Afb 


0151 

Afc 


0152 

Afd 


0153 

Afe 


0154 

Ail 


0155 

Afg 


0156 

Afh 


0157 

Afl 


0158 

Afj 


0159 

Afk 


0160 

Afl 


0161 

Afm 


0162 

Afn 


0163 

Afo 


0164 

Afp 


0165 

Afq 


0166 


Afr 

0167 

Afs 

0168 

Alt 

0169 

Afu 

0170 

Afv 

0171 

Afw 

0172 

Afx 

0173 

Afy 

0174 

Afz 

0175 

Aga 

0176 

Agb 

0177 

Age 

0178 

Agd 

0179 

Age 

0180 

Agf 

0181 

Agg 

0182 

Agb 

0183 

Agi 

0184 

Agj 

0185 

Agk 

0186 

Agl 

0187 

Agm 

0188 

Agn 

0189 

Ago 

0190 

Agp 

0191 

Agq 

0192 

Agr 

0193 

Ags 

0194 

Agt 

0195 

Agu 

0196 

Agv 

0197 

Agw 

0198 

Agx 

0199 

Agy 

0200 

Agz 

0201 

Aha 

0202 

Ahb 

0203 

Ahc 

0204 

Ahd 

0205 

Ahe 

0206 

Ahf 

0207 

Ahg 

0208 

Ahh 

0209 

Abi 

0210 

Abj 

0211 

Abk 

0212 

Ahi 

0213 

Ahm 

0214 

Ahn 

0215 

Abo 

0216 

Ahp 

0217 

Ahq 

0218 

Ahr 

0219 

Ahs 

0220 

Aht 

0221 

Ahu 

0222 

Ahv 

0223 

Ahw 

0224 

Abx 

0225 

Aby 

0226 

Ahz 

0227 

Aia 

0228 

Aib 

0229 

Aic 

0230 

Aid 

0231 

Aie 

0232 

Ail 

0233 

Aig 

0234 

Aih 

0235 

Ail 

0236 

Aij 

0237 

Aik 

0238 

Ail 

0239 

Aim 

0240 

Ain 

0241 

Aio 

0242 

Aip 

0243 

Aiq 

0244 

Air 

0245 

Ais 

0246 

Ait 

0247 

Aiu 

0248 

Air 

0249 


Aiw 



0250 

Aix 



0251 

Aiy 



0252 

Aiz 



0253 

Aja 



0254 

Ajb 



0255 

Ajc 



0256 

Ajd 



0257 

Aje 



0258 

Ajf 



0259 

Ajg 



0260 

Ajh 



0261 

Aji 



0262 

Ajj 



0263 

Ajk 



0264 

Aji 



0265 

Ajm 



0266 

Ajn 



0267 

A jo 



0268 

Ajp 



0269 

Ajq 



0270 

Ajr 



0271 

Ajs 



0272 

Ajt 



0273 

Aju 



0274 

Ajv 



0275 

Ajw 



0276 

Ajx 



0277 

Ajy 



0278 

Ajz 



0279 

Aka 



0280 

Akb 



0281 

Akc 



0282 

Akd 



0283 

Ake 



0284 

Akf 



0285 

Akg 



0286 

Akh 



0287 

Aki 



0288 

Akj 



0289 

Akk 



0290 

Akl 



0291 

Akm 



0292 

Akn 



0293 

Ako 



0294 

Akp 



0295 

Akq 



0296 

Akr 



0297 

Aks 



0298 

Akt 



0299 

Aku 



0300 

Akv 



0301 

Akw 



0302 

Akx 



0303 

Aky 



0304 

Akz 



0305 

Ala 



0306 

Alb 



0307 

Albi 



0308 

Ale 



0309 

Aid 



0310 

Aldr 



0311 

Ale 



0312 

Alexander A 

0313 

“ 


E 

0314 

“ 


H 

0315 

M 


Jj 

0316 

«« 


R 

0317 

Alf 



0318 

Alg 



0319 

Alh 



0320 

Ali 



0321 

Alj 



0322 

Aik 



0323 

All 



0324 

Alle 



0325 

Allen 

A 


0326 

“ 

B 


0327 

«« 

C 


0328 

“ 

D 


0329 


E 


0330 

«< 

F 


0331 

“ 

G 


0332 


Allen H 0333 

“ I 0334 

“ J 0335 

“ K 0336 

“ L 0337 

“ M 0338 

“ N 0339 

“ O 0340 

“ P 0341 

“ R 0342 

“ S 0343 

“ T 0344 

“ V 0345 

“ W 0346 


Alii 


0347 

Alim 


0348 

Aim 


0349 

Ain 


0350 

Alo 


0351 

Alp 


0352 

Alq 


0353 

Air 


0354 

Als 


0355 

Alt 


0356 

Alu 


0357 

Alv 


0358 

Alw 


0359 

Alx 


0360 

Aly 


0361 

Alz 


0362 

Ama 


0363 

Amb 


0364 

Amc 


0365 

Amd 


0366 

Ame 


0367 

Amf 


0368 

Amg 


0369 

A mil 


0370 

Ami 


0371 

Amj 


0372 

Amk 


0373 

Ami 


0374 

Amm 


0375 

Amn 


0376 

Amo 


0377 

Amp 


0378 

Amq 


0379 

Amr 


0380 

Ams 


0381 

Amt 


0382 

Amu 


0383 

Amy 


0384 

Amw 


0385 

Amx 


0386 

Amy 


0387 

Amz 


0388 

Ana 


0389 

Anb 


0390 

Anc 


0391 

And 


0392 

Ande 


0393 

Anderson 

A 

0394 

“ 

B 

0395 

u 

C 

0396 

a 

D 

0397 

<« 

E 

0398 

ii 

F 

0399 

it 

G 

0400 

it 

H 

0401 

tt 

I 

0402 

n 

J 

0403 

tt 

K 

0404 

it 

Tj 

0405 

tt 

M 

0406 

tt 

N 

0407 

tt 

O 

0408 

tt 

P 

0409 

tt 

R 

0410 

tt 

S 

0411 

tt 

T 

0412 

tt 

y 

0413 

tt 

w 

0414 

Andi 


0415 
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Andr to Bartr 


Andr 


0416 

Aq 

0499 

At t 

0581 

Awx 

0664 

•Babe 


0747 

Andrews 

A 

0417 



Atu 

0582 

Awy 

0665 

Bae 


0748 

“ 

E 

0418 

Ara 

0500 

Atv 

0583 

Awz 

0666 

Back 


0749 


H 

0419 

Arb 

0501 

Atw 

0584 

Axa 

0667 







Arc 

0502 

Atx 

0585 

Axb 

0668 

Baco 


0750 


L 

0420 

Ard 

0503 

Aty 

0586 

Axe 

0669 

Bad 


0751 


R 

0421 

Are 

0504 

Atz 

0587 



Bae 


0752 

Andri 


0422 

Arf 

0505 

Ana 

0588 

Axd 

0670 

Bat 


0758 

Ane 


0423 

Arg 

0506 

Aub 

0589 

Axe 

0671 

Bag 


0754 

Anf 


0424 

Arh 

0507 



Axf 

0672 

Bah 


0755 

Ang 


0425 

Ari 

0508 

Auc 

0590 

Axg 

0673 

Bai 


0756 

Anh 


0426 

Arj 

0509 

Aud 

0591 

Axh 

0674 

Bail 


0757 

Ani 


0427 



Aue 

0592 

Axi 

0675 

Bailey 

A 

0758 

Anj 


0428 

Ark 

0510 

Auf 

0593 

Axj 

0676 

11 

C 

0759 

Ank 


0429 

Arl 

0511 

Aug 

0594 

Axk 

0677 







Arm 

0512 

Auh 

0595 

Axl 

0678 

“ 

E 

0760 

Anl 


0430 

Arml 

0513 

Aui 

0596 

Axm 

0679 

II 

F 

0761 

Anm 


0431 

Arms 

0514 

Auj 

0597 



II 

H 

0762 

Ann 


0432 

Armstrong 

0515 

Auk 

0598 

Axn 

0680 

It 

J 

0763 

Ano 


0433 

Armt 

0516 

Aul 

0599 

Axo 

0681 

II 

L 

0764 

Anp 


0434 

Arn 

0517 



Axp 

0682 

II 

N 

0765 

Anq 


0435 

Arnold 

0518 

Aum 

0600 

Axq 

0683 

“ 

S 

0766 

Anr 


0436 

Arnole 

0519 

Aun 

0601 

Axr 

0684 

Bailf 


0767 

Ans 


0437 



Auo 

0602 

Axs 

0685 

Bain 


0768 

Ant 


0438 

Aro 

0520 

Aup 

0603 

Axt 

0686 

Baird 


0769 

Anu 


0439 

Arp 

0521 

Auq 

0604 

Axu 

0687 







Arq 

0522 

Aur 

0605 

Axv 

0688 

Baire 


0770 

Anv 


0440 

Arr 

0523 

Aus 

0606 

Axw 

0689 

Baj 


0771 

Anw 


044J 

Ars 

0524 

Austin 

0607 



Bak 


0772 

Anx 


0442 

Art 

0525 

Aut 

0608 

Axx 

0690 

Baker 

A 

0773 

Any 


0443 

Aru 

0528 

Auu 

0609 

Axy 

0691 

“ 

B 

0774 

Anz 


0444 

Arv 

0527 



Axz 

0692 

it 

C 

0775 

Aoa 


0445 

Arw 

0528 

Auv 

0610 

Aya 

0693 

<i 

D 

0776 

Aob 


0446 

Arx 

0529 

Auw 

0611 

Ayb 

0694 

it 

E 

0777 

Aoc 


0447 



Aux 

0612 

Aye 

0695 


F 

0778 

Aod 


0448 

Ary 

0530 

Auy 

0613 

Ayd 

0696 

ii 

G 

0779 

Aoe 


0449 

Arz 

0531 

Auz 

0614 

Aye 

0697 







Asa 

0532 

Ava 

0615 

Ayf 

0698 

it 

H 

0780 

Aof 


0450 

Asb 

0533 

Avb 

0616 

Ay g 

0699 

ii 

J 

0781 

Aog 


0451 

Asc 

0534 

Avc 

0617 



** 

L 

0782 

Aoh 


0452 

Asd 

0535 

Avd 

0618 

Ayh 

0700 


M 

0783 

Aoi 


0453 

Ase 

0536 

Ave 

0619 

Ayi 

0701 

“ 

N 

0784 

Aoj 


0454 

Asf 

0537 



Ayj 

0702 

“ 

R 

0785 

Aok 


0455 

Asg 

0538 

Avf 

0620 

Ayk 

0703 

“ 

S 

0786 

Aol 


0456 

Ash 

0539 

Avg 

0621 

Ayl 

0704 

** 

T 

0787 

Aom 


0457 



Avh 

0622 

Aym 

0705 

“ 

W 

0788 

Aon 


0458 

Ashl 

0540 

Avi 

0623 

Ayn 

0706 

Bakera 


0789 

Aoo 


0459 

Asl 

0541. 

Avj 

0624 

Ayo 

0707 







Asj 

0542 

Avk 

0625 

Ayp 

0708 

Bal 


0790 

Aop 


0460 

Ask 

0543 

Avl 

0626 

Ayq 

0709 

Bald 


0791 

Aoq 


0461 

Asl 

0544 

Avm 

0627 



Baldwin 

0792 

Aor 


0462 

Asm 

0545 

Avn 

0628 

Ayr 

0710 

Hale 


0793 

Aos 


0463 

Asn 

0546 

Avo 

0629 

Ays 

0711 

Ball 


0794 

Aot 


0464 

Aso 

0547 



Ayt 

0712 

Balia 


0795 

Aou 


0465 

Asp 

0548 

Avp 

0630 

Ayu 

0713 

Balle 


0796 

Aov 


0466 

Asq 

0549 

Avq 

0631 

Ayv 

0714 

Balm 


0797 

Aow 


0467 



Avr 

0632 

Ayw 

0715 

Bam 


0798 

Aox 


0468 

Asr 

0550 

Avs 

0633 

Ayx 

0716 

Ban 


0799 

Aoy 


0469 

Ass 

0551 

Avt 

0634 

Ayy 

0717 







Ast 

0552 

Avu 

0635 

Ayz 

0718 

Bank 


0800 

Aoz 


0470 

Asu 

0553 

Avv 

0636 

Aza 

0719 

Bao 


0801 

Apa 


0471 

Asv 

0554 

Avw 

0637 



Bap 


0802 

Apb 


0472 

Asw 

0555 

Avx 

0638 

Azb 

0720 

Baq 


0803 

Ape 


0473 

Asx 

0556 

Avy 

0639 

Azc 

0721 

Bar 


0804 

Apd 


0474 

Asy 

0557 



Azd 

0722 

Barber 


0805 

Ape 


0475 

Asz 

0558 

Avz 

0640 

Aze 

0723 

Barbo 


0806 

Apf 


0476 

Ata 

0559 

Awa 

0641 

Azf 

0724 

Bare 


0807 

Apg 


0477 



Awb 

0642 

Azg 

0725 

Bard 


0808 

Aph 


0478 

Atb 

0560 

Awe 

0643 

Azb 

0726 

Barker 


0809 

Api 


0479 

Ate 

0561 

Awd 

0644. 

Azi 

0727 







Atd 

0562 

Awe 

0645 

Azj 

0728 

Barkes 


0810 

Apj 


0480 

Ate 

0563 

Awf 

0646 

Azk 

0729 

Barkl 


0811 

Apk 


0481 

Atf 

0564 

Awg 

0647 



Barn 


0812 

Apl 


0482 

Atg 

0565 

Awh 

0648 

Azl 

0730 

Barnes 

A 

0813 

Apm 


0483 

Ath 

0566 

Awi 

0649 

Azm 

0731 


E 

0814 

Apn 


0484 

Ati 

0567 



Azn 

0732 

“ 

H 

0815 

Apo 


0485 

Atj 

0568 

Awj 

0650 

Azo 

0733 

“ 

L 

0816 

App 


0486 

Atk 

0569 

Awk 

0651 

Azp 

0734 

II 

R 

0817 

Applegate 

0487 



Awl 

0652 

Azq 

0735 

Barnett 

0818 

Appll 


0488 

Atki 

0570 

Awm 

0653 

Azr 

0736 

Barnb 


0819 

Apq 


0489 

Atkinson 

0571 

Awn 

0654 

Azs 

0737 







Atkint 

0572 

Awo 

0655 

Azt 

0738 

Barr 


0820 

Apr 


0490 

Atl 

0573 

Awp 

0656 

Azu 

0739 

Barrett 

0821 

Aps 


0491 

Atm 

0574 

Awq 

0657 



Barn 


0822 

Apt 


0492 

Atn 

0575 

Awr 

0658 

Azv 

0740 

Barry 


0823 

Apu 


0493 

Ato 

0576 

Aws 

0659 

Azw 

0741 

Bart 


0824 

Apv 


0494 

Atp 

0577 



Azx 

0742 

Barth 


0825 

Apw 


0495 

Atq 

0578 

Awt 

0660 

Azy 

0743 

Bartl 


0826 

Apx 


0496 

Atr 

0579 

Awu 

0661 

Azz 

0744 

Bartlett 

0827 

Apy* 


0497 



Awv 

0662 

Baa 

0745 

Barto 


0828 

Apz 


0498 

Ats 

0580 

Aww 

0663 

Bab 

0746 

Bartr 


0829 
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Bas 


0830 

Bass 


0831 

Bat 


0832 

Bate 


0833 

Bates 


0834 

Batt 


0835 

Bau 


0836 

Baug 


0837 

Baum 


0838 

Bauma 


0839 

Bav 


0840 

Baw 


0841 

Bax 


0842 

Bay 


0843 

Baz 


0844 

Bb 


0845 

Be 


0846 

Bd 


0847 

Bea 


0848 

Beac 


0849 

Beach 


0850 

Bead 


0851 

Beal 


0852 

Beam 


0853 

Bean 


0854 

Bear 


0855 

Beard 


0856 

Bearda 


0857 

Beas 


0858 

Beat 


0859 

Beatt 


0860 

Beau 


0861 

Beb 


0862 

Bee 


0863 

Beck 


0864 

Becker 


0865 

Becket 


0866 

Beckh 


0867 

Bed 


0868 

Bee 


0869 

Beebe 


0870 

Beec 


0871 

Beer 


0872 

Bef 


0873 

Beg 


0874 

Beh 


0875 

Bel 


0876 

Bej 


0877 

Bek 


0878 

Bel 


0879 

Bell A 


0880 

“ E 


0881 

“ H 


0882 

“ L 


0883 

“ E 


0884 

Bella 


0885 

Beln 


0886 

Bern 


0887 

Ben 


0888 

Bene 


0889 

Beng 


0890 

Benj 


0891 

Benn 


0892 
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PART III 


Applications in the University Business Office 

CHAPTER I 

The State University of Iowa 

By 

W. H. Cobb, Comptroller 
D. W. Brat, Chief Accountant 


A CCOUNTING at the State University of Iowa is centralized and controlled 
in the University Business Office. The major portion of the routine account¬ 
ing and analysis is done mechanically on the Hollerith Tabulating equipment. 
The following machines are used: 

3 Alphabetic punches 
1 Numerical punch 
1 Reproducing Gang Punch 
2 Verifiers 

1 Horizontal card counting sorter with multiple 
column selection device 
1 Horizontal sorter 
1 Five Bank printer 
1 Alphabetic accounting machine 

The equipment is centralized in the tabulating and sorting section, one oper¬ 
ator being able to keep two or more machines in use at the same time, although 
enough space has been allowed for two operators. The diagram Fig. 70 will 
give an idea of the physical layout, which includes filing equipment for a capac¬ 
ity of over one million cards. 

The personnel of the Statistical Service Department includes the Adviser 
on Educational Procedure; a manager, a machine operator and two part time 
assistant operators; three punch operators and two part time assistants; and a 
clerical assistant. The Comptroller and Chief Accountant give supervision. 

About 395,000 cards per year are used for accounting purposes. In addition 
to these about 150,000 per year are necessary for educational and special scho¬ 
lastic studies. 

Voucher Register, Inter-Departmental Transfer 

Register, Statements of Account, and Analysis of Expenditures 

The accounting card (Fig. 59) provides for printing the following informa¬ 
tion regarding vouchers. 
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1. The department. 

2. Type of entry, that is, whether expense vouchers, inter-departmental 

transfer vouchers, journal vouchers, correction vouchers or cash 
receipt vouchers. 

3. Voucher number. 

4. Account number (See pp. 115 to 121). 

5. Expense analysis (See pp. 121 to 125). 

6. Class of Commodity. 

7. Amount. 

8. Payee. 

Prom these cards the following records are listed: 

1. The Voucher Register (See Pig. 71). 

2. The Register of Inter-departmental debits and credits (See Pigs. 72 

and 73). 

3. The Statement of Account (See Fig. 74). 

4. Summary of Statement totals (See Pig. 75). 

5. Analysis of Expenditures by accounts. 

6. Analysis of Commodities purchased. 

The Voucher Register is made in duplicate, the copy being attached to the 
envelope which contains the vouchers listed. 

The statements of account are made in duplicate or triplicate, the copies 
being distributed to the Deans and Heads of the various University departments 
at the end of each month. 

The complement figures appearing in the “Net Free Balance” field of the 
summary statement (Pig. 75) indicate an overdraft in the particular account. 

Bank Reconciliation and Payee Register 

Tabulating card (Fig. 60) is known as the duplicate warrant card and 
serves the two-fold purpose of reconciling the bank account and making an 
alphabetic register of payees. Duplicate warrant cards are purchased pre¬ 
numbered and pre-punched with the numbers which are to be assigned to the 
University vouchers. On these cards are made carbon copies of the warrants, 
showing the date, the name of the payee, the amount and explanation. After 
these cards are punched they are put into an “outstanding warrant” file where 
they remain until the paid warrants of like number are returned from the bank. 
The duplicate cards of the paid warrants are then promptly removed from the 
“outstanding” file and placed in the “paid” file. By this procedure, it is 
possible to make a bank reconciliation at any time, as the amount of outstanding 
warrants is readily available. After the end of each month all “paid” duplicate 
warrant cards are sorted alphabetically to list a firm register which is often 
referred to in connection with the payment of accounts. The checking of paid 
warrants against the voucher register, to ascertain the amount outstanding, and 
the hand filing of some five thousand duplicate warrant slips each month is 
thereby eliminated. 

Each day the total of the duplicate warrant cards is proven with the total 
of the accounting cards (Pig. 59), thus giving a check on accuracy, in addition 
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Fig. 59 



Fig. 60 


to the usual routine of running all cards through a verifying punch. Peri¬ 
odically, the total of the duplicate warrant cards for salaries is used to prove 
the accuracy of the salary cards (See Pig. 61) from which the payrolls are made. 


Salary Pay Rolls 

Card form Pig. 61 is used in making the salary pay rolls for the full time 
personnel of the University. One card is filled out for each person. If an 
employee is working in more than one department a card is made for each 
position. When the payroll (Fig. 76) is run, these positions are automatically 
added together to give a total amount of payment for the month. It is possible 
through the use of these cards to prepare a report by rank or position to show 
the distribution of salaries paid throughout the University. A few simple rules 
have been set up to establish a salary accounting routine as follows: 

1. a. Pill out a Master Card (see Fig. 61) for each employee. 

b. If salary is paid from more than one salary account or department, make 
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a separate card for each account or department. 

2. a. When an employee resigns, remove his original master card to the trans¬ 

fer file. 

b. If salary is due for a portion of the month only, make a deduct card for 
the unused portion. 

3. a. When an employee transfers from one department to another, remove his 

original master card to the transfer file and prepare a new one for the 
new department. 

b. If the change occurs within the month, both the original and new master 
cards are left in file until after the pay roll is run. To adjust each of 
these monthly amounts to the figure actually paid, temporary adjustment 
cards are inserted, deducting that proportion of the monthly salary which 
represents the unearned amount in each position. 

4. When an amount is to be deducted from an employee’s salary for a speci¬ 
fied period (such as in the case of a leave of absence without pay) make 
a deduct card to bring monthly salary to correct amount. 

5. a. When an employee’s salary is to be increased or decreased, remove the 

original master card to the transfer file and make a new one for the new 
amount. 

b. If the change occurs within the month, rather than at the end of the 
month, follow instructions under 3b., above. 

Routine for Analyzing Student Loan Fund Operations 

Card form Fig. 62 is used to control the operation of the Student Loan 
funds and to list at the end of each month, the loans outstanding. A loan num¬ 
ber is assigned at the time each loan is made and this, with the name of the 
student, is typed on the card. The card provides space for information as to 
the date the loan is made, the date it is due, the loan number, the number of the 
loan account on which it is made, the amount of the loan, the date of payment, 
the amount of interest collected, and the name of the student. For statistical 
purposes, the name of the college in which the student is registered, sex, race, 
home state, and the type of security are listed. A tabulating card is punched 
for each loan issued and for each payment on principal or interest. All of these 
cards are sorted together and tabulated to list, alphabetically, the resultant 
amounts outstanding, showing dates due. It will be noticed that these cards 
are flexible in providing for many different types of information regarding 
student loans. 

Procedure in the Matter of Tuition and Fees 

Card form Fig. 63 is used in tuition accounting. At the time of registra¬ 
tion, the fee cards (Fig. 64), showing the cash register receipt number and 
the amount of payment, are taken, from the Cashier’s Office as soon as they 
have been certified by the cash register, and punched on this tabulating card 
form to show the date, the term or session, the type of fee (whether tuition, 
military deposit, physical education deposit, etc.) the college or department, the 
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cash register receipt number, the amounts of the various fees, and the name of 
the student. These cards are then sorted alphabetically at the end of the day, 
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and from them a tabulation is made showing the name of each student, together 
with the cash register receipt number and the amount of payment (Fig. 77). 
The total of this tabulation is proven with the cash register total daily. Refunds 
of tuition or fees made at subsequent periods are punched on the same type of 
card. When these are sorted with the original cards punched at the time of 
registration, a complete tuition record with each student is obtained. Following 
the registration period, these cards are compared with the master cards in the 
Registrar’s Office to assure the accounting department that there are no 
students attending classes who have failed to pay their fees. In addition to the 
alphabetic punching of the name on the tuition cards, the serial number of the 
student, which is assigned by the Registrar’s Office, is punched to aid in sorting 
and verification. 


General Stores Invoices 

Card form Fig. 65 is designed to make invoices of materials issued to de¬ 
partments from the General Stores department. Numbered sales tickets are 
made in the Warehouse showing the date of issue, the department to which the 
materials are issued, the classification of expense, the building in which used, 
and the amount. This information is then transcribed to the tabulating card 
and posted by the alphabetic printer to the stores invoice. (See Fig. 78.) These 
cards are accumulated until the end of the month at which time the stores invoice 
is printed in triplicate. One copy serves as the source of information for charges 
to the various departments; one copy is sent to the department charged, and the 
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last is retained in the Warehouse files. The card is made in tumble fashion, 
thereby making it possible to use each one twice at a substantial saving. 


University Hospital Accounting 



Fig. 66 


Card form Fig. 66 tabulates the monthly state patient hilling of patients 
treated at the University Hospital. At the time of admission each patient is 
assigned a case number. This with the name of the town, county, age of the 
patient, date of commitment are entered on the admission slips and punched 
on the master card. About 150,000 cards per year are punched to show the 
daily charges by date, case number, classification and amount. At the end of 
each month they are sorted to make the schedule of charges hilled the state (see 
Fig. 79), and at the end of the year they are sorted to give the complete record 
of each patient during the entire year and used to make an alphabetical listing 
by counties. Daily reports made to the Hospital Administrator indicate the 
earnings of the Hospital from state patient figures. (See Fig. 80.) A second 
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report, Fig. 81, summarizes the transportation charges of state patients. 

The sources of all entries on Hospital state patient cards are the admission 
Slips, charge slips, and the expense vouchers originating in the Hospital. After 
passing through the Statistical Service Department, these original records are 
filed permanently. 

Hospital payrolls are made on Fig. 76 by use of card form Fig. 61. Adjust¬ 
ments from the basic salary amount, new appointments and resignations are 
reported to the Statistical Service Department on Form 82. 

In addition to making the payroll, these cards (Fig. 61) list salary expendi¬ 
tures by positions and departments. 


Permanent Property Inventory 



Fig. 67 


Permanent Property Inventory card form, Fig. 67 is designed to keep a 
record of permanent equipment purchased. One card is written for each item 
of equipment, showing description, date purchased, cost, voucher number, pur¬ 
chase order number, etc. Bach card is codified to show the classification (See 
pp. 125 to 126) and the department to which it is delivered, thus making it 
possible to list equipment by type and location. This is a great convenience in 
view of the fact that it is frequently desired to learn how many typewriters, 
microscopes, pieces of photographic equipment, etc., are owned, and their exact 
location on the campus. At the end of each year a complete tabulation of 
departmental equipment is made, one copy being sent to the department for 
verification, and the original bound to substantiate the figures for departmental 
totals shown in the annual report. 


Dormitory Accounts Receivable Control 

Charges and credits affecting individual student accounts in the dormitories 
are punched on tabulating cards, (Fig. 62 is used for this purpose because 
of the similarity in requirements with Student Loan control) and summarized 
at the end of each month to show the total charges and receipts on account, 
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and to list alphabetically the accounts outstanding. The card provides for 
showing the amount of the contract entered into by each student for each 
semester, the room number to which he is assigned and the name of the dormi¬ 
tory. Thus, at any time may be listed information showing room occupancy, 
the estimated income from board or room, the cash received, and the resulting 
accounts outstanding. 


Physical Plant Pay Rolls and Job System 
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Fio. 68 

The basis of the Physical Plant Pay Roll is the Time Slip (see Fig. 69) 
which is sent to the Statistical Service Department daily by the time keeper. 



There a tabulating card (Fig. 68) is punched for each slip. These cards, to¬ 
gether with the purchase vouchers on which charges for materials are billed, 
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supply the information for the entire job cost accounting system and are used 


to make the following records: 

Pay Roll Distribution .See Pig. 83 

Pay Roll.See Pig. 84 

Employee Time Record.See Pig. 85 

Report of Jobs in Process.See Pig. 86 

Jobs Closed .See Pig. 87 

Job Vouchers (Detailed list 

of all charges on each job) .See Pig. 88 
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R 0 Y A 
I N TE 
1 0 w A 
0 A I L 
WHET 

Y E TT 
UN I V 
COLO 
P L A S 
F I T Z 
I N TE 
REVO 
WARN 
H A Y W 
B 0 Y L 
F A R L 
BROW 
L 0 C-K 
PEEK 
A L L E 
U K E N 


Y A N 0 CO 

T R I C MOTO 
E R S C I E N T 
CO PROOUC 
LEATHER 
TING AND 
E N DUNN C 
G E S S 
S PAINT S 
IAN CO 
S MEG CO 
EL FLARSH 
E R TIRE S 
BERG W J 
AS H A R 0 L 
G W A 
I N S 0 N L 0 
S CARL 
DARD CHEM 
I N G GEO 
S CLEANER 
WILL I 
S PLATE G 
LE R V A 
E R T CO OF 
OR BAGSTA 
H COOK BE 
0 W C H E C K E 
0 L 0 G I CAL 
BIOLOGIC 
LA MRS R 
RSON ALB 
C I L OF C H 
ODIST BK 
L TYPE CO 
R S TA TE PO 
E L E C TR I C 

Y IOWAN 
STONES 
ER S 

BOOK S TO 
N I A L B A K I 
S ED 
GERALD R 
RNATL BUS 
L V I N G A D V 
E R IRENE 

a r o Thom 

STON STEA 
E Y AT 
N F L 0 R E N 
WOOD L 
L H 

N G EARL 
A M A Y N A R 


I N C 

R SERVICE 
I F I C CO 
TS CO 
C 0 

S C H I L L I N G 
0 

C 0 

TORE 


E I M CO 
E R V I C E 
C 0 
D C 

T I S 
I N C 
C 0 

P AND SO 
S 

NC 

LASS CO 
NO CO 
A M E R 
D C 0 
ALS- CO 
R CAB 
S 0 C OF N 
AL SUPPLY 
U T H 
E R T E 
UR C H B D 0 
CONCERN 
I N C 

W E R CO 
C 0 


RE 

NG CO 
H 

MACH 
F 0 

K 

P S 0 N 
M SPEC 
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STATE- UNIVERSITY OF IOWA 
BUSINESS OFFICE 

INTER-DEPARTMENTAL JOURNAL 


MONTH OF 


MAY 


1934. 


m 

NUMBER 

ACCOUNT CREDITED 


ACCOUNT 

CHARGED 


AMOUNT 

i 

ST 5 7 4 

INTER C H URCH COUNCIL 

4 

766 

1 

3 

0 0 


ST 5 7 5 

whetstone din serv 

□ 

7 72 

1 

2 

2 6 


ST 57 6 

WOMENS A THL ASSOC 

El 

76 5 

1 

3 2 



ST 57 7 

HIGH SCHOOL CAFE 

4 

749 

1 

2 3 



ST 5 7 8 

ophthalmology FEES 

4 

50 5 

1 

27 14 



ST 5 7 9 

SCH REL ROCKEFELLER 

4 

716 

1 

2 0 8 



ST 58 0 

STUDENT ORG ADMIN 


649 

1 




ST 58 1 

PERSHING RIFLES 

4 

76 2 

1 

60 



ST 58 2 

1 M U H S E OPE R 


76 2 

1 

6 2 



ST 58 3 

1 MU DIN -SERV 


49 2 

1 

7 4 



ST 58 4 

PHYSIOLOGY DEPT 


163 

1 

5 5 



ST 5 8 5 

LABOR PAYROLL OIST 


0 52 

3 8 

3 3 4 8 



ST 58 6 

TEST 


115 

2 

1.4 



ST 58 7 

1 M U DINING SERV 


6 2 2 

3 

2 8 



S T . 58 8 

mortar board 


711 

1 

1 



ST 58 9 

UN IV HOSPITAL 


0 3 1 

1 5 

10 7 



ST 59 0 

PHYSICAL PLANT STOCK 


3 6 2 

1 

4 7 1 



ST 59 1 

WHETSTONE DINING SERV 


7 76 

1 

1 8 



ST 59 2 

STUD E'NT ORG ADMIN 


6 2 8 

3 9 

.13 0 



ST 59 3 

WATER COSTS 


36 2 

1 

2 



ST 59 4 

PHYSICAL PLANT STOCK 


3 62 

1 

3 4 7 



ST 59 5 

UN 1 V THEATRE 


5 50 

1 

15 0 



ST 59 6 

WOMENS ASSOC 


758 

1 




ST 59 7 

IOWA PUBLISHER 


0 12 

1 

5 5 



ST 59 8 

ACADEMIC MEET 



1 

3 5 



ST 59 9. 

PHYSICAL PLANT STOCK 


EH 

1 

4 



Fig. 72 


state: university of iowa 

BUSINESS OFFICE 

ANALYSIS OF INTER-DEPARTMENTAL 
TRANSFER CREDITS 

MONTH OF 

PAGE HO. _ 

MAY 1934 

-- 

- 


22 

ACCOUNT 

fWNBER 

ACCOUNTS CREDITED 

AMOUNT 


FUND TOTALS 



i 

06 0 

Electric Cost at Svltohboard 

2 

80 



» 


i 

16 0 

Otolaryngology 

5 5 

7 6 










58 

56 



2 

3 5 0 

General Storea 

8 23 

5 4 










82 3 

54 

» 


3 

37 0 

Payroll Distribution 

3 348 

67 





3 

37 0 

Payroll Distribution 

9 

1 0 





3 

38 0 

General and Children's Hospitals 

107 

93 





3 

40 0 

Howard House 

6 2 

5 0 





3 

410 

Quadrangle Cafeteria 

4 17 

4 9 





3 

410 

Quadrangle Cafeteria 

23 

4 5 





3 

4 4 0 

Correspondence Study 

19 

7 6 





3 

4 4 0 

Correspondence Study 

35 

2 5 










4 02 4 

1 5 



4 

50 0 

Gynecology and Obstetrics Fees 

2 714 

31 





4 

53 0 

Fieischmann Yeast Co. 

2 08 

1 1 





4 

66 0 

Iota Sigma Pi 

5 5 

00 





4 

66 0 

Iota Sigma Pi 

3 

0 0 





4 

67 0 

International Student Council 

1 

5 0 





4 

69 0 

Orohesis 

60 

0 0 





4 

75 0 

Union Board 

150 

00 





4 

75 0 

Union Board 

32 

71 





4 

77 0 

Canrous Social Workers Club 

20 

5 3 





4 

78 0 

Student Organizations Administration 

130 

8 8 










3 3 7 6 

0 4 



Fig. 73 
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TRUST FUND 4300595 

ALUMNI ASSOCIATION 


STATEMENT OF ACCOUNT # 

•TATS UNIVERSITY OP IOWA BUSINESS OFFICE 

(ORIGINAL! 


— 

^7 

— 

NUMBER* 

DESCRIPTION 

■S3? 

EXPENDITURES 


NET FREE BALANCE | 


3 

1 

34 


CREDITS FWO MARCH 1 1934 




8 17 

8 6 




3 

1 

3 4 


DEBITS F W 0 MARCH 1 1934 


7 28 

31 






3 

2 

3 4 

142 4S5 

ANDERSON MRS EDWARD 

0 600 

1 9 

8 0 






3 

L 0 

34 

CRV286 

CASH, RECEIPTS 




7 5 

0 0 




3 

L 2 

3 4 

CRV287 

CASH RECEIPTS 




14 0 

0 0 




3 

L 3 

34 

143278 

hart clyoe w 

0 30 0 

1 8 

5 5 






3 

1 3 

3 4 

143279 

MARTIN HERBERT 

0 30 0 

6 

9 9 






3 

L 3 

34 

143280 

STEWART G W 

0 30 0 

2 6 

7 5 






3 

L 3 

34 

143281 

PHILLIPS C A 

0 30 0 

1 9 

40 






3 

L 3 

3 4 

CR V 289 

CASH RECEIPTS 




7 5 

0 0 




3 

L 4 

34 

C R V 2 90 

CASH RECEIPTS 





0 0 




3 

L 5 

3 4 

C R V 2 91 

CASH RECEIPTS 




6 5 

1 6 




3 

1 6 

3 4 

143485 

WILLIAMS R F 

0 30 0 

6 

DO 







1 6 

34 

143486 

GILMORE E A 

0 30 0 

6 

20 






3 

V 

34 

1 4 36 63 

L AUER EDWARD H 

0 30 0 

5 2 

7 9 






3 

1 9 

34 

C R V 2 95 

CASH RECEIPTS 




4 3 

0 0 




3 

2 0 

3 4 

144746 

PACKER P C 

0 30 0 

41 

2 2 


• 




3 

2 0 

3 4 

C R V 296 

CASH RECEIPTS 




6 

0 0 




3 

2 1 

3 4 

C R V 2 97 

CASH RECEIPTS 




1 0 

0 0 




3 

2 2 

34 

C R V 2 99 

CASH RECEIPTS 




1 2 

0 0 




3 

2 3 

3 4 

145358 

BRESNAHAN GEORGE T 

0 300 

1 1 

6 5 






3 

2 3 

34 

C V 3 91 

1.34400 BURKETT UPDEGRAFF 

0 400 

9 9 999 88 

00 






3 

2 6 

3 4 

145495 

S 0 L E M 0 M 

0 300 

7 

50 






3 

2 6 

3 4 

CR V 3 02 

CASH RECEIPTS 




1 6 

2 0 




3 

2 7 

3 4 

1 4 5 5 97 

FlTZG. ERALO R H 

0 30 0 

23 

l 0 






3 

2 7 

3 4 

C R V 3 0 4 

CASH RECEIPTS 




1 1 

0 0 




3 

B £ 

3 4 

145665 

ENSIGN F C 

0 300 

8 

7 5 






3 

2 £ 

34 

C R V 3 05 

CASH RECEIPTS 




1 4 

3 0 




3 

2 £ 

34 

ST 474 

MULTI GRAPH 

0 20 0 

1 1 

20 






3 

2 9 

34 

CR V 3 07 

CASH RECEIPTS 




5 

3 0 




3 

3 C 

34 

CR V 3 09 

CASH RECEIPTS 




1 2 

3 0 



_ 


1— 

— 


_ _ _ _ 


9 7 6 

2 1 

13 8 9 

2 2 

4 13 

3 1 * 



Fig. 74 



Fig. 75 
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MAY 1934 











STATE UNIVERSITY OF IOWA 
Business Office 


Tuition and Fees Collected 


NAME 

RECEIPT 

NUMB RE 

AMOUNT 

NAME 

RECEIPT 

NUMBER 

AMOUNT 

DOROTHEA B BIGNELL 
ERNEST CASS ILL 

LEO J. DVORAK 

LEO J. DVORAK 

LESTER GARWOOD 

HAROLD D HARRINGTON 
6UY R. HALL 

EUGENE L. HILL 

30768 

30765 

30788 

30789 
30795 
30801 
30806 
30808 

30 00 
30 00 
10 00 
15 00 
18 00 
15 00 
10 00 
15 00 






Fig. 77 


stat L u s^ v e e ss s ^,°= f e ' owa stores invoice 

ACCOUNTING 

multigraph 

DEPARTMENT 


N. B. THIS IS YOUR FILE COPY LISTING STORES CHARGES MADE TO THE ABOVE 
NAMED ACCOUNT DURING THE MONTH INDICATED. 

PLEASE VERIFY AT ONCE. CALL EXTENSION 391 IF YOU HAVE ' 

ANY QUESTIONS OR CORRECTIONS. GENERAUSTORES DEPT. 























Ill 


Fig. 80 Fig. 81 




STATE UNIVERSITY OF IOWA 
UNIVERSITY HOSPITALS 

3 New Permanent Appointments 

n Resignations 

i~| Temporary Adjustments 


Report of Pay Roll Changes 


MONTH OF . 


Type 

EmpLNo. ' 

Amount j 

Name 

Dept. J 

Position. 

Exp. 

Class 

Explanation 


Add 

Deduct 

1 

1321*6 

100.00 


Handoraon, H. J. 

221*3 

30295 

0700 

New Employee 


k 

11*70 

250.00 


Jackson, Beryl 

1039 

00201 

0700 

Transferred from 00259 


k 

11*70 


250.00 

■ a 

10 l *2 

002 J 9 

1070 

• t® 00201 



Fig. 82 


STATE UNIVERSITY OF IOWA PAY ROLL DISTRIBUTION 

business office GROUNDS AND BUILDINGS DEPARTMENT 

For Week Ending.. 

2 M: 5 - 3 i: 376 s For Month of.. 


Name of Account 

Account 

Number 

Expense 

Class 

Amount 

Electric Cost at Switchboard 

0 6 0 

06 3 9 

8 

1 6 

Water Cost at Pump Header 

0 61 

0 6 5 6 

4 

0 8 

Dist. Cost Heat, Elec., and Water 

062 

0 6 3 9 

1 

4 8 


0 6 2 

0 6 73 

14 

8 0 


0 62 

0 6 7 4 

4 0 

0 6 


0 6 2 

0 6 7 5 

8 

6 0 


0 62 

06 7 6 

4 

26 


0 62 

0 6 8 3 


8 6 


0 6 2 

0 6 8 5 

10 

6 8 


0 62 

068 6 

8 

9 1 


0 62 

0693 

7 

4 0 

Underground System 

0 6 3 

0 6 0 1 

6 

0 2 


0 6 3 

0 6 0 3 

5 

9 4 

Chemistry 

103 

0600 

6 

6 3 

Military 

109 

0 6 0 0 

4 

19 

Physical Education Women 

112 

0600 

3 

40 

Psychology 

115 

0600 

4 

08 

Speech 

116 

0 6 0 0 

1 

70 

Graphic and Plastic Arts 

12 6 

0 6 0 0 

8 

5 5 

Pharmacy Supplies 

2 11 

0600 


5 6 

Law General Expense 

2 2 1 

0 6 0 0 

6 

1 1- 

Education General Expense 

2 31 

0 6 0 0 


5 1 

High School 

2 34 

0600 

5 

4 6 

Library Supplies 

281 

0 6 0 0 

8 

5 2 

Summer Session Supplies 

301 

0600 

2 

0 4 

Radio Broadcasting 

3 12 

0 6 0 0 

2 7 

6 5 

Child Welfare General Expense 

32 1 

0 6 0 0 

4 

6 4 

Drug Stores Overhead 

3 5 5 

0600 

4 

7 6 

Laundry Service 

3 6 3 

0 6 0 0 

14 

2 6 


Fig. 83 
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ill open jcb« are inelwM-fo tea tep on 


5 S 1980 
5 S 2107 
55 2109 

55 2110 
5 5 2 92 8!. 
55 2929 
55 2930 
55 2967 

55 2968 
5 5 2995 


104 2735| 

f. 0 4 2 9 5 4 


WATER LINE TO LAW DORM 

CHLORINE FOR CHLOR I N E A T 0 R 
MOVING MULTIGRAPH MACHINERY 
MOVING MULTiGRAPH DEPT 

ANATOMY BLDG ROOF 
iNSUtATION RETURN LINE 
WEATHER STRIPPING 
DENTAL BLDG HEATING 
MOVE POWER LINE MULT DEPT 
REPAIR PSYCHO HOSP FLUE 
SCREENS IN KELLOGG 8LDG 
EAST HALL REMODELING 
12 METAL ANGLE CORNERS 

basement remodeling 


AIR COAL CLEANER 
1 POL ARI SCOPE 


GOVERNORS DAY MAY 12 
TRAPEZE APPARATUS 


51310 8924 

4 36 2 6 292454 

9 4 9 3 6 301378 

320 77 
6130 2748 

32772 12177 

38902 47002 

795 38137 

51574 134994 


114 0 9 

201632116890713 
370 362138 3 



Fig. 86 




Fig. 88 
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Appendix 

Section II—Codes 

State University of Iowa Codification of Accounts 


I 00 0 000 OPERATING 

I 01 0 000 Administration 

1 01 0 001 Administration. Salaries 
1 01 0 002 President’s Office 
1 01 0 003 Registrar’s Office 
1 01 0 004 Dean of Men 
1 01 0 005 Dean of Women 
1 01 0 006 Transcript Pees 
1 01 0 007 
1 01 0 008 
1 01 0 009 
1 01 0 010 

I 02 0 000 General Expense 

1 02 0 011 Assoc. Dues and Expenses 
1 02 0 012 Printing and Bulletins 
1 02 0 013 Pres. Office Printing 
1 02 0 014 Business Office Printing 
1 02 0 015 Commencement Expense 
1 02 0 016 General Lectures 
1 02 0 017 Incidentals Bus. Office 
1 02 0 018 Incidentals Treas. Office 
1 02 0 019 Incidentals Pres. Office 
1 02 0 020 Incidentals Gen. Expense 
1 02 0 021 Stamps and Postage 
1 02 0 022 Publications Salaries 
1 02 0 023 Publication Expense 
1 02 0 024 News Service 
1 02 0 025 Pres. Contingent Expense 
1 02 0 026 Pres. Travel Pund 
1 02 0 027 
1 02 0 028 
1 02 0 029 

I 03 0 000 Student Service 

1 03 0 030 

1 03 0 031 Out-Patient Expense 
1 03 0 032 Memorial Union Salaries 
1 03 0 033 Memorial Union Expense 
1 03 0 034 Employment Bureau 
1 03 0 035 Housing Service 
1 03 0 036 River Patrol Service 
1 03 0 037 

1 03 0 038 Alumni Service Expense 
1 03 0 039 
1 03 0 040 

I 04 0 000 Physical Plant 

1 04 0 050 Salaries 
1 04 0 051 Administration 
1 04 0 052 Building Operation 
1 04 0 053 Telephones and Telegraph 
1 04 0 054 Truck Operation 


1 04 0 055 Repair of Buildings 
1 04 0 056 Campus 
1 04 0 057 Fuel f.o.b. Mine 
1 04 0 058 Fuel Freight 
1 04 0 059 Steam Costs at Steam Header 
1 04 0 060 Elec. Cost at Switchboard 
1 04 0 061 Water Cost at Pump Header 
1 04 0 062 Dis. Cost Heat, Elec. & Water 
1 04 0 063 Underground System 
1 04 0 064 Heat, Water & Elec. Invoiced 
to Departments 

1 04 0 065 
1 04 0 066 
1 04 0 067 
1 04 0 068 
1 04 0 069 


I 05 0 000 College of Engineering 

1 05 0 070 Salaries 
1 05 0 071 Administration 
1 05 0 072 Civil Engineering 
1 05 0 073 Engineering Drawing 
1 05 0 074 Electrical Engineering 
1 05 0 075 Mechanical Engineering 
1 05 0 076 Mechanics and Hydraulics 
1 05 0 077 Coal Committee Salaries 
1 05 0 078 Coal Committee Expense 
1 05 0 079 
1 05 0 080 


I 06 0 000 College of Liberal Arts 

1 06 0 100 Salaries 

1 06 0 101 Administration 

1 06 0 102 Botany 

1 06 0 103 Chemistry 

1 06 0 104 Geology 

1 06 0 105 History 

1 06 0 106 Home Economics 

1 06 0 107 Journalism 

1 06 0 108 Mathematics 

1 06 0 109 Military Science 

1 06 0 110 Philosophy 

1 06 0 111 Physical Education Men 

1 06 0 112 Physical Education Women 

1 06 0 113 Physics 

1 06 0 114 Political Science 

1 06 0 115 Psychology 

1 06 0 116 Speech 

1 06 0 117 Speech Debate 

1 06 0 118 Zoology 

1 06 0 119 

1 06 0 120 
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Codification of Accounts—Continued 


1 06 I 000 School of Fine Arts 


I 09 0 000 


1 06 1 125 
1 06 1 126 
1 06 1 127 
1 06 1 128 
1 06 1 129 
1 06 1 130 
1 06 1 131 
1 06 1 132 
1 06 1 133 
1 06 1 134 
1 06 1 135 


Administration 
Graphic & Plastic Arts 
Hist. & Apprec. of Pine Arts 
Music 

Dramatic Art Equipment 
Graphic & Plastie Arts Equip. 
Dramatic Art 


1 09 0 200 
1 09 0 201 
1 09 0 202 
1 09 0 203 
1 09 0 204 


I 10 0 000 

1 10 0 210 
1 10 0 211 
1 10 0 212 


I 06 2 000 School of Letters 


I 11 0 000 


1 06 2 140 
1 06 2 141 
1 06 2 142 
1 06 2 143 
1 06 2 144 
1 06 2 145 
1 06 2 146 
1 06 2 147 
1 06 2 148 
1 06 2 149 


English 

German 

Classical Languages 
Bomance Languages 

Administration 


I 07 0 000 Medicine 


1 07 0 150 
1 07 0 151 
1 07 0 152 
1 07 0 153 
1 07 0 154 
1 07 0 155 
1 07 0 156 
1 07 0 157 
1 07 0 158 
1 07 0 159 
1 07 0 160 
1 07 0 161 
1 07 0 162 
1 07 0 163 
1 07 0 164 
1 07 0 165 
1 07 0 166 
1 07 0 167 
1 07 0 168 
1 07 0 169 
1 07 0 170 
1 07 0 171 
1 07 0 172 


Salaries 

Administration 

Anatomy & Histology 

Bio-chemistry 

Dermatology 

Dissecting Material 

Gynecology & Obstetrics 

Neurology 

Ophthalmology 

Orthopedic Surgery 

Otolaryngology 

Pathology 

Pediatrics 

Pharmacology 

Physiology 

Boentgenology 

General Surgery 

G XT Surgery 

Theory and Practice 

TTniv. Dept, of Health 


I 08 0 000 Medicine Research 


1 08 0 180 
1 08 0 181 
1 08 0 182 
1 08 0 183 
1 08 0 184 
1 08 0 185 
1 08 0 186 
1 08 0 187 
1 08 0 188 
1 08 0 189 
1 08 0 190 


Salaries 

Anatomy & Histology Bes. 
Gynecology & Obs. Bes. 
Ophthalmology Besearch 
Pathology Besearch 
Pediatrics Besearch 
Pharmacology Besearch 
Psychiatry Besearch 
General Surgery Besearch 
Orthopedic Surgery Besearch 
Theory & Practice Besearch 


1 11 0 220 
1 11 0 221 
1 11 0 ' 222 
1 11 0 223 
1 11 0 224 
1 11 0 225 


I 12 0 000 

1 12 0 230 
1 12 0 231 
1 12 0 232 
1 12 0 233 
1 12 0 234 
1 12 0 235 
1 12 0 236 
1 12 0 237 
1 12 0 238 
1 12 0 239 

I 13 0 000 

1 13 0 240 
1 13 0 241 
1 13 0 242 
1 13 0 243 


I 14 0 000 

1 14 0 250 
1 14 0 251 
1 14 0 252 
1 14 0 253 


I 15 0 000 

1 15 0 260 
1 15 0 261 
1 15 0 262 
1 15 0 263 
1 15 0 264 
1 15 0 265 
1 15 0 266 
1 15 0 267 
1 15 0 268 
1 15 0 269 


I 16 0 000 

1 16 0 270 


Dentistry 

Salaries 

Dentistry Supplies 
Dentistry Equipment 
Dental Infirmary 


Pharmacy 

Salaries 

Supplies 


Law 

Salaries 

General Expense 
Law Library Books 
Law Library Equipment 


Education 

Salaries 

General Expense 
Publications 
Appointment Committee 
High School 
Elementary School 
Conference on Supervision 
High School Conference 


Commerce 

Salaries 

Supplies 


Bureau of Business Res. 

Salaries 

Supplies 


Graduate 

Salaries 
Administration 
Bes. Serv. & Equipment 
Field Work 

Lectures and Conferences 
Learned Publications 
Incidentals 


Character Education 
Character Educ. Salaries 
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Codification of Accounts—Continued 


1 17 0 000 

Library 

1 17 0 280 

Salaries 

1 17 0 281 

Supplies 

1 17 0 282 

Assistants 

1 17 0 283 

Books 

1 17 0 284 

Equipment 

1 17 0 285 

Library Shelves 

1 17 0 286 


1 18 0 000 

Museum 

1 18 0 290 

Salaries 

1 18 0 291 

Supplies 

1 18 0 292 


1 18. 0 293 


1 19 0 000 

Summer Session 

1 19 0 300 

Salaries 

1 19 0 301 

Supplies 

1 19 0 302 


1 19 0 303 


1 20 0 000 

Extension 

1 20 0 310 

Salaries 

1 20 0 311 

General Expense 

1 20 0 312 

Radio Broadcasting 

1 20 0 313 

Parent Training 

1 25 1 314 

Tuition (Current) 

1 25 2 315 

Tuition (Old) 

1 21 0 000 

Epidemiology and Bact. 

1 21 0 317 

Salaries 

1 21 0 318 

General Expense 

1 21 0 319 


1 22 0 000 

Child Welfare 

1 22 0 320 

Salaries 

1 22 0 321 

General Expense 

1 23 0 000 

Maternal and Infant Hygiene 

1 23 0 330 

Medical Unit Salaries 

1 23 0 331 

Medical Unit Supplies 

1 23 0 332 

Dental Unit Salaries 

1 23 0 333 

Dental Unit Supplies 

1 24 0 000 

44th G. A. Dept. Equip. 

1 24 0 322 

Mech. Engineering Lab. Equip. 

1 24 0 323 

Journalism Equip. 

1 24 0 324 

Laundry Equip. 

1 24 0 325 

Library Equip. 

1 24 0 326 

Music Equip. 

1 24 0 327 

Publications Equip. 

1 24 0 328 

Roentgenology Equip. 

1 24 0 329 

Student Health Equip. 


I 24 I 000 

1 24 1 334 
1 24 1 335 
1 24 1 336 
1 24 1 337 
1 24 1 338 
1 24 1 339 
1 24 1 340 
1 24 1 341 
1 24 1 342 
1 24 1 343 
1 24 1 344 


2 00 0 000 

2 00 0 350 
2 00 0 351 
2 00 0 352 
2 00 0 353 
2 00 0 354 
2 00 0 355 


3 00 0 000 

3 01 0 000 

3 01 0 360 
3 01 0 361 
3 01 0 362 
3 01 0 363 
3 01 0 364 
3 01 0 365 
3 01 0 366 


3 02 0 000 

3 02 0 370 
3 02 0 371 
3 02 0 372 
3 02 0 373 
3 02 0 374 
3 02 0 375 
3 02 0 376 
3 02 0 377 
3 02 0 378 
3 02 0 379 


3 03 0 000 

3 03 1 000 
3 03 1 380 
3 03 1 381 
3 03 1 382 
3 03 1 383 
3 03 1 384 


3 03 2 000 

3 03 2 385 
3 03 2 386 
3 03 2 387 
3 03 2 388 
3 03 2 389 


45th G. A. Dept. Equip. 

Epidemiology & Bact. Equip. 
Speech Clinic Equip. 
Registrar’s Office Equip. 
Speech Equip. 

Campus Course Libr. Equip. 
L. A. Assembly Equip. 
Business Office Equip. 
Dramatic Art Equip. 

Music Equip. 


INCOME FUND A 

General Stores 

General Stores Overhead 

Physical Plant Stores 

Postal Stores 

Drug Stores 

Drug Stores Overhead 

INCOME FUND B 

Service Departments 

Animal Account 
Drafting Bureau 
Physical Plant Job System 
Laundry Service 
Multigraph 
Statistical Service 


Miscellaneous Rev. Accts. 

Payroll Distribution 
Iowa Law Review 
Iowa Vocational Board 
Materials Testing Lab. 
Freight Claim Adjust. Acct. 
Revolving Advanced Funds 
Suspense Account 
Accounts Receivable 


Auxiliary Enterprises 

HOSPITALS 

Gen. & Children’s IIosp. 

Psychopathic Hosp. 


Serology 

Salaries 

General Expense 
Special Exams 
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Codification of Accounts—Continued 


3 03 

3 

000 

Dormitory House Operation 

3 03 

3 

390 

Men’s Dormitory 

3 03 

3 

391 

Men’s Dorm. Student Laundry 

3 03 

3 

392 

Men’s Dorm. Barber Shop 

3 03 

3 

393 

Currier Hall for Women 

3 03 

3 

394 

Eastlawn for Women 

3 03 

3 

395 

Field House Dorm. 

3 03 

3 

396 

Kellogg House 

3 03 

3 

397 

26 E. Jefferson 

3 03 

3 

398 

Whetstone House 

3 03 

3 

399 

Feeney House 

3 03 

3 

400 

Howard House 

3 03 

3 

401 

Capital Account 

3 03 

3 

402 

I. M. U. House Operation 

3 03 

3 

403 


3 03 

4 

000 

Dining Service Operation 

3 03 

4 

410 

Quadrangle Cafeteria 

3 03 

4 

411 

Currier Hall Dining Eoom 

3 03 

4 

412 

Eastlawn Dining Eoom 

3 03 

4 

413 

Memo. Union Dining Serv. 

3 03 

4 

414 

High School Cafeteria 

3 03 

4 

415 

Din. Serv. Cap. Account 

3 03 

4 

416 


3 03 

4 

417 


3 03 

5 

000 

Other Accounts 

3 03 

5 

420 

Donated Land 

3 03 

5 

421 

Tenant Property 

3 03 

5 

422 

Maher Farm Operation 

3 03 

5 

423 

Beard Farm Operation 

3 03 

5 

424 

Butler Farm Operation 

3 03 

5 

425 

Donahoe Farm Operation 

3 03 

5 

426 

Loney Farm Operation 

3 03 

5 

427 

Skay Farm Operation 

3 03 

5 

428 

McCabe Farm Operation 

3 03 

5 

429 

Floerschinger Farm Oper. 

3 03 

5 

430 

Gen. Admin. Farm Group 

3 03 

5 

431 

Farnsworth Farm Oper. 

3 03 

5 

432 


3 03 

5 

433 


3 03 

5 

435 

Summer Session Camp 

3 03 

6 

000 

Extension Activities 

3 03 

6 

440 

Correspondence Study 

3 03 

6 

441 

Educational Tests 

3 03 

6 

442 

High School Contests 

3 03 

6 

443 

Music Festival 

3 03 

6 

444 

Academic Meet 

4 00 

0 

000 

TRUST FUNDS 


4 10 0 000 Endowment Income 

4 110 000 For Educ. & General Purposes 

4 1 1 0 460 Mark Eanney Memorial Fund 
4 1 1 0 461 Library Fine Fund 
4 1 1 0 462 Seien. Fd. Col. Medicine 
4 1 1 0 463 
4 1 1 0 464 


4 

1 

2 

0 

000 

4 

1 

2 

1 

000 

4 

1 

2 

1 

470 

4 

1 

2 

1 

471 

4 

1 

2 

1 

472 

4 

1 

2 

1 

473 

4 

1 

2 

1 

474 

4 

1 

2 

1 

475 

4 

1 

2 

1 

476 

4 

1 

2 

1 

477 

4 

1 

2 

1 

478 

4 

1 

2 

1 

479 

4 

1 

2 

1 

480 

4 

1 

2 

1 

481 

4 

1 

2 

1 

482 

4 

1 

2 

2 

000 

4 

1 

2 

2 

490 

4 

1 

2 

2 

491 

4 

1 

2 

2 

492 

4 

1 

2 

2 

493 

4 

1 

2 

2 

494 

4 

1 

2 

2 

495 

4 

2 

0 

0 

000 

4 

2 

1 

0 

000 

4 

2 

1 

1 

000 

4 

2 

1 

1 

500 

4 

2 

1 

1 

501 

4 

2 

1 

1 

502 

4 

2 

1 

1 

503 

4 

2 

1 

1 

504 

4 

2 

1 

1 

505 

4 

2 

1 

1 

506 

4 

2 

1 

1 

507 

4 

2 

1 

1 

508 

4 

2 

1 

1 

509 

4 

2 

1 

2 

000 

4 

2 

1 

2 

514 

4 

2 

1 

2 

515 

4 

2 

1 

2 

516 

4 

2 

1 

2 

517 

4 

2 

1 

2 

518 

4 

2 

1 

2 

519 

4 

2 

1 

2 

520 

4 

2 

1 

2 

521 

4 

2 

1 

2 

522 

4 

2 

1 

2 

523 

4 

2 

1 

2 

524 

4 

2 

1 

2 

525 

4 

2 

1 

2 

526 

4 

2 

1 

2 

527 

4 

2 

1 

2 

528 

4 

2 

1 

2 

529 

4 

2 

1 

2 

530 

4 

2 

1 

2 

531 

4 

2 

1 

2 

532 

4 

2 

1 

2 

533 

4 

2 

1 

2 

534 


For Non-Educational Purposes 

SCHOL. FELLOW. & PEIZES 

Laffey Scholarship 
Carr Scholarship 
Dillon Scholarship Law 
Bryan Prize Fund 
Johnson Memorial Prize 
Lefevre Memorial Prize 
Belle & David Wyland Schp. 
Sanxay Fellowship & Loan 
Lowden Oratorical Prize 
Lowden Orat. Prize Ees. Fd. 
Proudfoot Prize 
Denkmann Law Scholarship 


Miscellaneous Non-Educational 

Gifford Memorial 
Finkbine Dinner for Men 
Finkbine Dinner for Women 
Interest on Endowment Funds 


Other Current Restricted Funds 

EDUCATIONAL & GENEEAL 
Medical Fees 
Gyn. & Obs. Fees 
Pediatrics Fees 
Psychiatry Fees 
Theory & Practice Fees 
Ophthalmology Fees 
Eye Clinic Fees 
Eoentgenology Fees 
Pathology Fees 


Research Gifts 

Clin. Properties of Dextrose 
Train. Full Time Candidates 
Carn. & Harv. for Fine Arts 
Payne Study & Exper. Fund 
Carn. Corp. Ees. in Art 
Meier Art Tests 
Amer. Historical Assoc. 
Physiology of the Brain 
Sex Eesearch 
Eepr. Cycles in Plants 
Quaker Oats Cale. Metab. 
Mead Johnson Infant Metab. 
Liver Proteins 
Gift for Dept. Libraries 
Vitamin E. Eesearch 
Blue-Green Algre Eesearch 
Fleischmann Yeast Co. 

Anti Oxygen Eesearch 
Adv. of Teaching—Carnegie 
Student Health Visitations 
Special Art Fund 
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4 2 13 000 School of Religion 

4 2 1 3 535 Bockefeller Fund 
4 2 1 3 536 Protestant Fund 
4 2 1 3 537 Jewish Fund 
4 2 1 3 538 

4 2 14 539 Laura Spelman Memorial 

4 2 1 4 540 905-A Coop. Projects Sal. 

4 2 1 4 541 905-A Coop. Projects Exp. 

4 2 1 4 542 905-B Curr. Study Sal. 

4 2 1 4 543 905-B Curr. Study Exp. 

4 2 1 4 544 905-C Child Develop. Sal. 

4 2 1 4 545 905-C Child Develop. Exp. 

4 2 1 4 546 905-D State Organ. Sal. 

4 2 1 4 547 905-D State Organ. Exp. 

4 2 15 000 Miscellaneous 

4 2 1 5 550 Convocations & Publ. Events 
4 2 1 5 551 Bom. Lang. Exp. Fund 
4 2 1 5 552 Classical Languages 
4 2 1 5 553 Institute of Hydraulic Bes. 

4 2 1 5 554 Special Stream Gaging 
4 2 1 5 555 

4 2 2 0 000 For Non-Educational Purposes 

4 2 2 1 000 FELLOWSHIPS & 
SCHOLAESHIPS 
4 2 2 1 560 Eastman Scholarship 
4 2 2 1 561 Garvin Scholarship 
4 2 2 1 562 Kings Daughters & Sons Sehp. 
4 2 2 1 563 Swaine Scholarship in liar. 

4 2 2 1 564 Mead Johnson Co. Vitamin B. 
4 2 2 1 565 Edward Bartow Chem. Schp. 

4 2 2 1 566 Hammond Law Scholarship 
4 2 2 1 567 Diamond Law Scholarship 
4 2 2 1 568 Miller Law Scholarship 
4 2 2 1 569 Wright Law Scholarship 
4 2 2 1 570 Adler Scholarship in Journ. 

4 2 2 1 571 Brewer Journalism Prize 
4 2 2 1 572 


4300 000 Agency Funds 

4 3 0 0 580 Ent. of Crippled Children 
4 3 0 0 581 U. S. Gov’t. Uniform Acct. 

4 3 0 0 582 Military Band Uniforms 
4 3 0 0 583 Military Deposits 
4 3 0 0 584 Laboratory Deposits 
4 3 0 0 585 H.S. Locker Deposits 
4 3 0 0 586 H.S. Shop Deposits 
4 3 0 0 587 H.S. Book Deposits 
4 3 0 0 588 Gym. Locker Deposits 
4 3 0 0 589 Library Desk Deposits 
4 3 0 0 595 Alumni Association 
4 3 0 0 596 Auto Acct.—Alumni Assoc. 

4 3 0 0 597 Alumni Assoc. Life Membs’p 
4 3 0 0 598 Plate Fund—Alumni Assoc. 

4 3 0 0 599 Medical Aptitude Tests 
4 3 0 0 600 Character Educ. Author Fund 
4 3 0 0 601 Student Advance Tuition 
4 3 0 0 602 Homecoming Committee 
4 3 0 0 603 


4 3 0 0 609 Student Organizations 

4 3 0 0 610 A. F. I. 

4 3 0 0 611 Alpha Phi Omega 
4 3 0 0 612 All Univ. Men’s Dinner 
4 3 0 0 613 All Univ. Women’s Dinner 
4 3 0 0 614 Assoc. Students of Engr. 

4 3 0 0 615 Assoc. Students of Journ. 

4 3 0 0 616 Athena Literary Society 
4 3 0 0 617 Band Fund 
4 3 0 0 618 Barristers Ball 
4 3 0 0 619 Beta Gamma Sigma 
4 3 0 0 620 Classical Club 
4 3 0 0 621 Class 1934—Medicine 
4 3 0 0 622 Commerce Club 
4 3 0 0 623 Commerce Mart 
4 3 0 0 624 Continuo Club 
4 3 0 0 625 Cosmopolitan Club 
4 3 0 0 626 Currier Hall Assoc. 

4 3 0 0 627 Dance Drama 
4 3 0 0 628 Delta Sigma Bho 
4 3 0 0 629 Dolphin Club 
4 3 0 0 630 Eastlawn Assoc. 

4 3 0 0 631 Eurodelphian Literary Soc. 

4 3 0 0 632 Eta Sigma Phi 
4 3 0 0 633 
4 3 0 0 635 

4 3 0 0 636 Freshman Engineers 
4 3 0 0 637 Freshman Party Class 1935 
4 3 0 0 638 Freshman Party Class 1936 
4 3 0 0 639 
4 3 0 0 640 
4 3 0 0 641 

4 3 0 0 642 Gamma Epsilon Pi 
4 3 0 0 643 German Club 
4 3 0 0 644 Glider Club 
4 3 0 0 645 Graduate Club 
4 3 0 0 646 
4 3 0 0 648 

4 3 0 0 649 Hamlin Garland Literary Soc. 
4 3 0 0 650 H.S. Debating League 
4 3 0 0 651 Homecoming Party 
4 3 0 0 652 Home Economics Club 
4 3 0 0 653 
4 3 0 0 655 

4 3 0 0 656 I Blanket Hop 
4 3 0 0 657 Inter Collegiate Debate 
4 3 0 0 658 Inter Fraternity Council 
4 3 0 0 659 Inter Professional Sorority 
4 3 0 0 660 Iota Sigma Pi 
4 3 0 0 661 Iowa Dames Club 
4 3 0 0 662 Iowa Publisher 
4 3 0 0 663 Iowa Law Students Assoc. 

4 3 0 0 664 Irving Institute 
4 3 0 0 665 
4 3 0 0 666 
4 3 0 0 667 

4 3 0 0 668 Junior College Conference 
4 3 0 0 669 Junior Prom Class 1934 
4 3 0 0 670 
4 3 0 0 671 

4 3 0 0 672 Kellogg Co-operative 
4 3 0 0 673 

4 3 0 0 674 May Frolic 
4 3 0 0 675 Mecca Ball 
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Codification of Accounts—Continued 


4 3 0 0 676 Medical Student Council 
4 3 0 0 677 Men's .forensic Council 
4 3 0 0 678 Mortar Board 
4 3 0 0 679 Military Ball 
4 3 0 0 680 Mothers Bay Binner 
4 3 0 0 681 
4 3 0 0 682 
4 3 0 0 683 

4 3 0 0 684 Newman Club 
4 3 0 0 685 
4 3 0 0 686 

4 3 0 0 687 Octave Thanet Literary Soc. 

4 3 0 0 688 Omieron Nu 
4 3 0 0 689 Order of Artus 
4 3 0 0 690 
4 3 0 0 691 

4 3 0 0 692 Pan Hellenic Party 

4 3 0 0 693 Pep Jamboree 

4 3 0 0 694 Pershing Rifles 

4 3 0 0 695 Pershing Rifles 2nd Regiment 

4 3 0 0 696 Phi Beta Kappa 

4 3 0 0 697 Phi Belta Gamma 

4 3 0 0 698 Phi, Epsilon Kappa 

4 3 0 0 699 Phi Gamma Nu 

4 3 0 0 700 Phi Lambda Upsilon 

4 3 0 0 701 Phi Sigma Iota 

4 3 0 0 702 Pica Ball 

4 3 0 0 703 Physical Education—Circus 

4 3 0 0 704 Phi Epsilon Pi 

4 3 0 0 705 Philo Club 

4 3 0 0 706 Philomathian Literary Soc. 

4 3 0 0 707 
4 3 0 0 710 

4 3 0 0 711 Quadrangle Association 
4 3 0 0 712 

4 3 0 0 713 Rhoterian Forensic 
4 3 0 0 714 R.O.T.C. Unit Fund 
4 3 0 0 715 
4 3 0 0 717 

4 3 0 0 718 Scabbard & Blade 
4 3 0 0 719 Seals Club 
4 3 0 0 720 Senior Memorial 1927 
4 3 0 0 721 Senior Memorial 1928 
4 3 0 0 722 Senior Memorial 1929 
4 3 0 0 723 Senior Memorial 1930 
4 3 0 0 724 Senior Memorial 1931 
4 3 0 0 725 Senior Memorial 1932 
4 3 0 0 726 Senior Memorial 1933 
4 3 0 0 727 Senior Memorial 1934 
4 3 0 0 728 Senior Hop Class 
4 3 0 0 729 Sigma Belta Chi 
4 3 0 0 730 Sigma Belta Phi 
4 3 0 0 731 Sophomore Cotillion 
4 3 0 0 732 Student Council 
4 3 0 0 733 Student Sports—Swimming 
4 3 0 0 734 Student Sports—Ice Skating 
4 3 0 0 735 Student Sports—Track 
4 3 0 0 736 Student Sports—Baseball 
4 3 0 0 737 Student Sports—Wrestling 
4 3 0 0 738 
4 3 0 0 739 
4 3 0 0 740 
4 3 0 0 741 

4 3 0 0 742 Tau Beta Pi 
4 3 0 0 743 Theta Sigma Phi 


4 3 0 0 747 Union—University Party 
4 3 0 0 748 Univ. Elementary School 
4 3 0 0 749 Univ. High School 
4 3 0 0 750 Union Board 
4 3 0 0 751 University Players 
4 3 0 0 752 University Theatre 
4 3 0 0 753 
4 3 0 0 754 
4 3 0 0 755 
4 3 0 0 756 

4 3 0 0 757 Whitby Literary Society 
4 3 0 0 758 Women’s Athletic Assoc. 

4 3 0 0 759 Women’s Executive Council 
4 3 0 0 760 Women’s Forensic Council 
4 3 0 0 761 Women’s Pan Hellenic Council 
4 3 0 0 762 
4 3 0 0 763 
4 3 0 0 764 
4 3 0 0 765 Y.M.C.A. 

4 3 0 0 766 Y.W.C.A. 

4 3 0 0 767 
4 3 0 0 768 

4 3 0 0 769 Zetagathian Literary Soc. 
4300 770 

4 3 0 0 771 Campus Camera Club 
4 3 0 0 772 Feeney Co-op. 

4 3 0 0 773 Howard Co-op. 

4 3 0 0 774 Jefferson Co-op. 

4 3 0 0 775 

4 3 0 0 776 Whetstone Co-op. 

4 3 0 0 777 

5 0 0 0 000 LOAN FUNDS 

5 2 4 0 800 Undergraduate Student Loan 
5 2 4 0 801 A. Whitney Carr Grad. Loan 
5 2 4 0 802 Law Consolidated Loan 
5 2 4 0 803 Cosmopolitan Loan 
5 2 4 0 804 F. C. Benkman Loan in L.A. 

5 2 4 0 805 Finkbine Loan for Men 
5 2 4 0 806 Finkbine Loan for Women 
5 2 4 0 807 Keokuk Rotary Club Loan 
5 2 4 0 808 Robert T. Swaine Grad. Loan 
5 2 4 0 809 Medical College Loan 
5 2 4 0 810 Student Nurses Org. Loan 
5 2 4 0 811 Women’s Assoc. Loan 
5 2 4 0 812 Home Economics Club Loan 
5 2 4 0 813 Alumni Assoc. Loan 
5 2 4 0 814 

5 2 4 0 815 

6 0 0 0 000 CAPITAL FUNDS 

6 I 00 000 General Improvement 44th G.A. 

6 1 11 000 BUILBING & EQUIPMENT 
6 1 11 830 Mechanical Engr. Laboratory 
6 1 11 831 Add. to Isolation Hosp. 

6 1 11 832 Boiler Feed Pump 
6 1 11 833 Improvements to Chem. Bldg. 

6 1 11 834 Remod. Hosp. Room for x-ray 
6 1 11 835 Water Back for Boiler No. 8 
6 1 11 836 Water Feed Meter & CO 2 Meter 
6 1 12 000 ELECTRIC SERVICE LINES 
& EQUIPMENT 

6 1 12 837 Lights along Templin Road 
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6 1 

12 

838 

Lighting Improvement & 

6 

2 

13 

000 

GRADING & OTHER 




District System 





CAMPUS IMPR. 

6 1 

13 

000 

GRADING A OTHER CAM¬ 

6 

2 

13 

866 

Steam Line—Power Plant to 




PUS IMPROVEMENTS 





M. E. Lab. 

6 1 

13 

839 

Exhaust Steam Line to W. Side 

6 

2 

13 

867 


6 1 

13 

840 

Balustrades—Burlington St. 

6 

2 

13 

868 





& Iowa Ave. 

6 

2 

13 

872 


6 1 

14 

000 

PAVING SIDEWALKS & 

6 

2 

13 

873 





SEWERS 

6 

2 

14 

000 

PAVING, SIDEWALKS & 

6 1 

14 

841 

New Medical Lab. Sidewalks 





SEWERS 

6 1 

14 

842 

Psycho. Hosp. Sewer 

6 

2 

14 

874 

Elm Street Sewer 





6 

2 

14 

875 

East Side Tunnel 





6 

2 

14 

876 


6 2 

00 

000 

General Improvement 45th G.A. 

6 

2 

14 

877 





6 

2 

14 

878 


6 2 

11 

000 

BUILDINGS & EQUIPMENT 

6 

2 

14 

879 


6 2 

11 

843 


6 

2 

14 

880 


6 2 

11 

844 







6 2 
6 2 

11 

11 

848 

849 


& 

3 

00 

000 

Fine Arts Building 

6 2 

11 

850 


6 

3 

00 

881 

Investment Account 

6 2 

12 

000 

ELEC. SER. LINES & EQUIP. 

6 

3 

00 

882 

Income from Investment 

6 2 

12 

856 


6 

3 

00 

883 

Building Account 

6 2 

12 

857 






6 2 
6 2 

12 

12 

858 

859 


6 

4 

00 

884 

Psychopathic Hospital Add. 

6 2 

12 

860 


6 

5 

00 

885 

Central Garage 

6 2 

12 

861 


6 

& 

00 

886 

Purchase of Land 


State University of Iowa Expense Classification 

Part I, is a general expense classification applying to all accounts. 

Part II, is a supplemental classification applying to a few specific large 
accounts. 

The first pair of numbers indicates the general classification. 

The second pair of numbers indicates the supplemental classification. 

The combination of general and supplemental numbers cover most cases, but 
any general number may be combined with any supplemental number where the 
combination listed does not strictly apply. 


PART I 

General Classifications 


01 

00 

Office Expense—(Including station¬ 

05 

00 

Repairs 



ery, office supplies, freight, ex¬ 

06 

00 

Wages of Temporary Employees 



press, drayage, advertising, post¬ 

07 

00 

Salaries of All Regular Appointees 



age, telephone and telegraph.) 

08 

00 

Unclassified Expenditures 

02 

00 

Printing 

09 

00 

Equipment 

03 

00 

Travel (Except Hosp. Patients 04) 

10 

00 

Permanent Improvements 

04 

00 

Departmental Supplies (Except food¬ 

11 

00 

Foodstuffs 



stuffs -11) Not included under 

12 

00 

Heat, Electricity, Water and Gas 



Office Expense. 

13 

00 

Laundry 
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PART II 

Supplemental Classifications 

GROUNDS AND BUILDINGS 


Building 

Operations 

06 01 

Janitors’ Salaries 

04 02 

Janitors’ Supplies 

12 03 

Gas and Electricity 

12 04 

Water, Ice and Chemist 

13 05 

Laundry 

06 06 

Moving 

04 07 

Pools 

04 08 

Salt 

09 09 

Equipment 

08 10 

Hydrant Rental 

08 11 

Insurance 

Truck Operation 

05 01 

Supplies and Repairs 

04 02 

Tires 

04 03 

Gasoline and Oil 

06 04 

Labor 

Building 

1 Repair 

05 01 

General Repairs 

05 02 

Plumbing 

05 03 

Heating 

05 04 

Painting and Glazing 

05 05 

Roofs 

05 06 

Elevators 

05 07 

Machine Shop 

05 08 

Carpenter Shop 

09 09 

Equipment 

10 10 

Permanent Improvement 

06 11 

Overhead Salaries 

06 12 

Med. Lab. House Mechanic 

05 13 

Shades, Keys and Fire Equipment 

06 14 

Plasterer and Helper 

05 15 

Hospitals 

05 16 

Electric Service in Buildings 

Underground System 

04 01 

Tunnel 

04 02 

Water Mains 

04 03 

Sewer 

Steam 

Costs at Steam Header 

06 01 

Unloading Coal 

06 02 

Coal Testing Labor 

04 03 

Testing, Lab. Equip., Print., etc. 

04 04 

Softeners, Boiler Feed 

04 05 

Lime 

04 06 

Soda 

12 07 

Make-up Water (Purchased Water) 

06 08 

Boiler Room Engineer 

06 09 

Boiler Room Asst. Engineer 

06 10 

Boiler Room Electrician 

06 11 

Boiler Room Repair Men 

06 12 

Boiler Room Pump Men 

06 13 

Boiler Room Larry Men 

06 14 

Boiler Room Firemen 


06 

15 

Boiler Room Ashmen 

06 

16 

Boiler Room Softener Man 

06 

17 

Boiler Room Cinder Disposal 

06 

18 

Boiler Room Unclass. Extra Labor 

05 

35 

Reducing Pressure Valves 

05 

20 

Boiler Repair, Furnace, Stokers 

05 

21 

Coal Conveyor 

05 

22 

Ash Hoist 

05 

23 

Stoker Drives 

05 

24 

Boiler Feed Pumps 

05 

25 

Traps 

05 

26 

Water Softeners 

05 

27 

Gauges and Meters 

05 

28 

Tools, Belting, etc. 

05 

29 

Charts 

05 

30 

Oil and Grease 

05 

31 

Waste and Janitor Supplies 

05 

32 

Lamps 

05 

33 

House Pumps 

05 

34 

Unclass. Material and Labor 

05 

19 

Sewer Pumps 

Electric Costs at Switchboard 

06 

36 

Dynamo Tenders 

06 

37 

Engineer 

06 

38 

Assistant Engineer 

06 

39 

Electrician 

06 

40 

Repair Men 

06 

41 

Pump Men 

06 

42 

Softener Man 

06 

43 

Unclass. Extra Labor 

04 

44 

Turbines 

04 

45 

Hydro Unit 

04 

46 

Condensers and Pumps 

04 

47 

Charts 

04 

48 

Gas and Oil 

04 

49 

Tools, Waste, etc. 

04 

50 

Lamps 

04 

51 

Revolving Screen 

04 

52 

Unclassified 

12 

53 

Purchase and Sale of Electricity 


Water Costs at Pump Header 

06 54 Labor Costs—Engineer 

06 55 Labor Costs—Asst. Engineer 

06 56 Labor Costs—Electrician 

06 57 Labor Costs—Pump Men 

06 58 Labor Costs—Filter Operators 

06 59 Labor Costs—Unclassified 

05 60 Repairs—Service Pumps 

05 61 Repairs—Filter Plant Pumps 

05 62 Repairs—Compressors 

05 63 Repairs—Lamps 

05 64 Repairs—Filter Repairs 

05 65 Repairs—Chart, Records, Meters 

05 66 Repairs—Unclassified 

04 67 Materials—Alum 

04 68 Materials—Chlorine 

04 69 Materials—Other Chemicals 
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04 70 Soft Water Zeolite—Salt 
04 71 Soft Water Zeolite—Unclass. Labor 
and Material 
04 72 Lime 

Heat Distribution Costs 

06 73 Labor—Steamfitter Chief 

06 74 Labor—Tunnel Patrol 

06 75 Labor—Pipe Covering Tunnels 

06 76 Labor—Unclassified 

04 77 Material—Traps, B.P.V., Valves 

04 78 Material—Covering 

04 79 Material—Expansion Joints 

04 80 Material—Htg. Plant No. 3 Pumps 

04 81 Material—Htg. Plant No. 2 Pumps 

04 82 Material—Lamps 

04 83 Material—Unclassified 

Electric Distribution Costs 

06 85 Labor—Electrician Chief 
06 86 Labor—Unclassified 
04 87 Materials & Eepr.—Cables, Euses 
04 88 Materials & Eepr.—Lamps Tunnel 
04 89 Materials & Eepr.—Meters, etc. 

04 90 Materials & Eepr.—Transformers 
04 91 Materials & Eepr.—Unclassified 

Water Cost of Distribution 

06 93 Labor—Chief Plumber 
06 94 Labor—Unclassified 
04 95 Materials & Eepr.—Pipes, Valves 
04 96 Materials & Eepr.—Lamps Tunnel 
04 97 Materials & Eepr.—Meters, Charts 
04 98 Materials & Eepr.—Unclassified 

GENERAL STORES 

11 01 Groceries (Bulk) 

11 02 Canned Goods 
11 03 Potatoes 

11 04 Meats 

04 05 Gas and Oil 
04 06 Ice Purchased 
04 07 General Merchandise 
07 10 Administrative Salaries 
06 11 Clerical Salaries 
01 12 Office Supplies 
04 13 General Supplies 
05 14 General Eepairs 
01 15 Telephone 
13 16 Laundry 

12 17 Heat 

09 18 General Equipment 
06 19 General Salaries 
12 20 Electricity 
12 21 Water 

04 22 Ice Delivery Supplies and Expense 

05 23 Ice Machine Eepairs 

06 24 Wages of Ice Machine Attendant 

04 30 Gas and Oil for Trucks 

04 31 Tires and Tire Eepair 

05 32 Truck Eepairs and Eeplacement 

04 33 Truck Supplies 

06 34 Wages of Truck Drivers 


IOWA MEMORIAL UNION DINING SERVICE 


07 

01 

06 

02 

06 

03 

11 

10 

11 

11 

11 

12 

11 

13 

11 

14 

12 

20 

13 

21 

12 

22 

04 

23 

04 

30 

05 

31 

07 

40 

06 

41 

11 

42 

05 

43 

04 

44 

04 

50 

06 

51 


Administration Salaries 

Gen. Salaries and Labor 

Meal Help 

Groceries 

Meat 

Bakery Supplies 
Milk 

Ice Cream 
Gas 

Laundry 

Heat, Light and Water 
Ice 

General Supplies 
Eepair and Eeplacement 
Fountain Admin. Salaries 
Fountain Gen. Sal. and Labor 
Fountain Foods 

Fountain Eepair and Eeplacement 
Fountain General Expense 
Lobby and Candy Counter Supplies 
Lobby and Candy Counter Wages 


TENANT PROPERTY AND DONATED LAND 

08 01 Insurance 

05 05 Eepairs 

08 02 Legal Expense 

12 12 Heat, Light, Water and Gas 

10 10 Capital 

09 09 Equipment 

08 08 Unclassified 

UNION HOUSE OPERATION 

Lounge Room Rentals 

06 01 Labor 
04 02 Supplies 
09 03 Equipment 
08 04 Insurance 


Maintenance Fund (Gen. Furniture) 


06 

11 

Labor 

04 

12 

Supplies 

09 

13 

Equipment 

08 

14 

Insurance 

08 

15 

Eent 

08 

16 

Investment 



UNIVERSITY HOSPITAL 

07 

01 

Salaries 

04 

02 

Supplies 

09 

03 

Equipment 

05 

04 

Eepairs 

08 

05 

Insurance 

02 

06 

Printing 

03 

07 

Employees’ Travel 

01 

08 

Postage 

01 

09 

Telephone 

01 

10 

Telegraph 

07 

11 

School of Nursing Salaries 

09 

12 

Equip. & Eeplaee’t—Professional 

09 

13 

Equip. & Eeplaee’t—Housekeeping 

07 

14 

Pathology Salaries 
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Expense Classification—Continued 


04 15 Pathology Supplies 

07 16 Anaesthesia Salaries 

04 17 Anaesthesia Supplies 

09 18 Anaesthesia Equipment 

05 19 Anaesthesia Bepairs 

07 20 Serology Lab. Salaries 

07 21 Physical Therapy Salaries 

07 22 Social Service Salaries 

07 23 Psycho. Test Salaries 

07 24 Internes Salaries 

04 25 Internes Supplies 

07 26 X-Iiay Salaries 

04 27 X-Ray Supplies 

09 28 X-Ray Equipment 

05 29 X-Ray Repairs 

07 30 Pathological Chemistry Salaries 

07 31 Nutrition Salaries 

04 32 Nutrition Supplies 

09 33 Nutrition Equipment 

05 34 Nutrition Repairs 

11 35 Nutrition Poods 

07 36 Housekeeping Salaries 
09 37 Housekeeping Equipment 
05 38 Housekeeping Repairs 
04 39 Bedding 
04 40 Textiles, Muslins, etc. 

04 41 Cleaning Supplies 

04 42 Miscellaneous Supplies 

07 43 Perkins School Salaries 

04 44 Perkins School Supplies 

07 45 Maintenance & Repair Salaries 

07 46 Occupational Therapy Salaries 

04 47 Occupational Therapy Supplies 

04 48 Building Supplies 

09 49 Building Equipment 

05 50 Building Repairs 

07 51 Brace Shop Salaries 

04 52 Brace Shop Supplies 

09 53 Brace Shop Equipment 

05 54 Brace Shop Repairs 

07 55 Store Room Salaries 

07 56 Bandage Room Salaries 

07 57 Barbers’ Salaries 

04 58 Drugs and Biologicals 

04 59 Blood Donors 

04 60 Surgical and Nursing Instruments 

04 61 Surgical and Nursing Supplies 

09 62 Surgical and Nursing Equipment 

05 63 Surgical and Nursing Repairs 

04 64 Ascheim Zondek Test Supplies 

04 65 Ambulance and Truck 

13 66 Laundry 

01 67 Freight 

01 68 Express 

12 69 Gas 

12 70 Electricity 
12 71 Heat 
12 72 Water 

04 73 Corrective Apparatus—Orthopedics 
04 74 Corrective Apparatus—General 
04 75 Corrective Apparatus—Optical 
04 76 Patients’ Wearing Apparel 
04 77 Professional Staff Wearing Apparel 
04 78 Internes’ Wearing Apparel 
04 79 Employees’ Wearing Apparel 
04 80 Photos 


04 81 Railroad Fare, Taxi, Escort Sal. 

09 82 Auto Equipment—New 
05 83 Auto Repairs, Tires, etc. 

04 84 Auto Supplies, Gas and Oil 

07 85 Drivers’ Salaries 

08 86 Doctors’ Examination Fees 

04 87 Water Softener Supplies 

03 88 Travel Expense—Social Service 

08 89 Refunds to Patients 

07 90 Lab. Assts.—Internal Medicine 

09 91 Pasteurizing Plant 

PSYCHOPATHIC HOSPITAL 

01 01 Office Expense 
02 02 Printing 

04 03 Industrial Supplies (Occupational) 

07 04 Clerical Salaries 

04 05 Laboratory Supplies (Not Medical) 

07 06 Laboratory Salaries 

07 10 Medical Salaries 

07 11 Nursing Salaries 

04 12 Drugs 

04 13 Medical Supplies 

04 14 Transportation of Patients 

08 15 Refunds to Patients 

04 20 Housekeeping Supplies 

07 21 Housekeeping Salaries 

11 22 Foods 
13 23 Laundry 

01 24 Freight and Express 

12 25 Heat, Light, Water and Gas 
08 26 Rent 

03 27 Employees’ Travel Expense 
05 28 Building and Equipment Repairs 
04 29 Care of Grounds 
09 30 Equipment 

DORM. AND DIN. SERVICE (Except Union) 

01 01 Office Expense 
04 04 General Supplies 
05 05 Repairs 

06 06 Wages of Temporary Employees 
07 07 Salaries of Regular Appointees 
08 08 Unclassified Expenditures 
09 09 Equipment 

10 10 Permanent Improvements 

11 11 Foodstuffs 

12 12 Heat, Elec., Water and Gas 

13 13 Laundry 
01 14 Telephones 

08 15 Refunds of Board or Room 
08 16 Refunds of House Deposits 

STUDENT ORG. (Except Theatre) 

06 01 Orchestras 

04 02 Decorations 

02 03 Tickets 

01 04 Advertising 

08 05 Lounge Room Rental 

08 06 Tax 

02 07 Programs 

01 08 Telegraph 

01 09 Telephones 

12 10 Heat, Elec., Water and Gas 


124 



Expense Classification—Continued 


09 ll 
04 12 
11 13 
13 14 
01 15 
01 16 
04 17 
04 18 
01 19 
08 20 
04 21 
03 22 
04 23 
08 24 
06 25 
06 26 
02 27 


1000 

1010 

1011 

1012 


1020 

1021 

1022 

1023 

1024 

1025 

1026 

1027 

1028 
1029 


1030 

1040 

1041 


1050 

1051 

1052 


1053 

1054 

1055 

1056 

1057 

1058 


Equipment 

General Supplies 

Foodstuffs 

Laundry 

Office Supplies 

Subscriptions 

Luncheons and Dinners 

Refreshments 

Postage 

Organization Dues 
Organization Emblems and Gups 
Traveling Expense 
Smokers 

Senior Memorials 
Clerical Salaries 
Part Time Labor 
Publication 


08 28 Unclassified Expenditures 

06 29 Service Charge 

08 30 Refunds 

05 31 Repairs 

08 32 Game Guarantee 

UNIVERSITY THEATRE 

08 01 Royalties 
04 02 Scenery and Properties 
04 03 Costumes 
01 04 Publicity 

01 05 Programs and Office Supplies 

06 06 Music 

04 07 Children’s Theatre 

04 08 Experimental Productions 

06 09 Technical and Clerical Help 

07 10 Salaries 


State University of Iowa Classification of Departmental Equipment 


LABORATORY APPARATUS 
Unclassified 

Drawing Instruments and Apparatus 
Arms, et cetera 

Electrical Apparatus 

Generative and Electromotive Appa¬ 
ratus and Machinery 
X-Ray, Violet ray, et cetera 
Dynamos, generators, motors 
Transformers 
Rheostats 

Induction coils, ammeters, galvano¬ 
meters 

Heating apparatus including furnaces, 
ovens, hot plates, and incubators 
Telegraph, telephone, and radio ap¬ 
paratus 

Illuminating apparatus and machinery 

Steam Apparatus 

Gas and Combustion Machinery 

Engines 

Optical Apparatus 

Microscopes 

Microscope attachments and acces¬ 
sories including objectives, oculars, 
magnifying glasses, stages, nose 
pieces, camera lucida, illuminators, 
stands, lenses, and other equipment. 
(Exclude camera lenses.) 

Telescopes and reticles. 

Transits, levels, compasses, and sur¬ 
veying equipment 
Field Glasses, binoculars 
Lanterns, projectors, stereoscopes, 
delineascopes, etc. 

Cameras, and general photographic 
apparatus 


1060 Mechanical Apparatus 

1061 Shop Machinery including lathes, 

planers, and sharpeners, drilling 
and boring machinery, grinding 
machines, punches, presses, and 
forges. 

1062 Printing Machinery 

1070 Testing Machinery 

including centrifuges, weighing 
scales exclusive of laboratory bal¬ 
ances. 

1080 General Laboratory Apparatus 

1081 Scales and balances, with weights 

1082 Timing, recording, and measuring de¬ 

vices including stop watches, chro¬ 
nometers, thermometers, baromet¬ 
ers, meters (other than electrical 
and steam), gauges, etc. 

1083 Platinum and illium ware 

1084 Slide rules, calculating instruments, 

etc. 

1085 Microtomes and freezing attachments 

1086 Medical and Dental apparatus includ¬ 

ing dissecting, analytical, diagnos¬ 
tic, operating, and surgical instru¬ 
ments 

1087 Sterilizers 

1090 Charts and Maps (including globes) 

1100 Slides and Films. (Those loaned by 
the Extension Department but not 
those in general use in a depart¬ 
ment) 

1111 Pianos and Organs 

1112 Band and orchestral instruments 

1113 Phonographs and accessories 

2000 FURNITURE AND FIXTURES 

2010 Chairs (all kinds) 

2011 Dental chairs 
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Equipment Classification—Continued 


2020 Stools 

2030 Office Desks. (All kinds) 

2040 Laboratory desks including lecture 
desks, stands, and laboratory 
benches 

2050 Tables. (All kinds) 

2060 Cases, cabinets, cupboards including 
sorting equipment, book cases (ex¬ 
cept stacks and shelves); key cases, 
medicine cases, show cases, herbar¬ 
ium and specimen cases; emergency 
cabinets and kits; periodical, star 
tionery, and newspaper racks; mu¬ 
sic cabinets, chests, drawers, etc. 
2070 Filing equipment, including letter, 
check storage, catalogue and other 
files; card index systems, tops, bases 
and parts; pamphlet cases, address- 
ograph plate files; visible filing 
equipment and registers 
2080 Lockers, wardrobes 
2090 Shelving, including book stacks 
2100 Rugs, Mats, etc. 

2110 Decorations, including pictures, pho¬ 

tographs, frames and paintings 

2111 Statuary, casts, and art objects 

2112 Clocks (Except time recording appa¬ 

ratus) 

2113 Lamps and movable light fixtures 

2114 Screens, awnings, ornaments, tents, 

etc. 

2120 Household Furnishings (Exclusive of 

tables, chairs and other classified 
articles) 

2121 Couches, beds, lounges, and daven¬ 

ports 

2122 Costumers, umbrella stands, dressers, 

mirrors, water coolers 

2130 Miscellaneous—dictionary stands, ped¬ 
estals, easels, etc. 

2140 Bulletin boards and blackboards 
2150 Bulky, unclassified articles 

2160 Household Machinery, sewing ma¬ 

chines, and kitchen machinery 

2161 Small kitchen ware (lumped) 

2162 Dishes, silverware, etc. 

2170 Safes 

2180 Refrigerators, freezers, and ice ma¬ 
chines 

2190 Stoves, furnaces, and heaters 

2191 Cookers, pressure; coffee urns 

3000 OFFICE EQUIPMENT 

3010 Typewriters—Underwood 

3011 Typewriters—Royal 

3012 Typewriters—L. C. Smith 

3013 Typewriters—Remington 

3014 Typewriters—Hammond 

3015 Typewriters—Miscellaneous 
3020 Adding and calculating machines 
3030 Duplicators including mimeographs, 

hektographs, ditto machines and 
multigraphs 

3040 Dictating machines 


3050 Mailing equipment including address¬ 
ing machines, sealers, and postage 
scales 

3060 Electric fans 

3070 Telephones (intercommunicating) and 
buzzers 

3080 Miscellaneous devices including per¬ 
forators, punches, check writers, 
paper cutters, time recorders, money 
change racks, etc. 

3090 Cash registers and checkers 

4000 BOOKS 

5000 MACHINERY AND TOOLS 

(not laboratory equipment) 

5010 Electrical Machinery 

5011 Generative and electromotive appa¬ 

ratus and machinery 

5012 Elevators 

5013 Dynamos, generators, batteries, and 

motors 

5014 Testing, measuring, reducing, regu¬ 

lating devices and machines, includ¬ 
ing ammeters, galvanometers, and 
induction coils 

5015 Transformers 

5016 Rheostats 

5017 Heating apparatus, including furnaces 

and ovens 

5018 Illuminating machinery 

5020 Steam Equipment and Machinery 

5021 Steam engines, settings, grates, boil¬ 

ers, stokers, condensers, heaters, 
feed pumps, ash and coal handling 
equipment 

5030 Gas and combustion machinery 

5031 Automobiles, trucks, and trailers 

5032 Engines and accessories 

5033 Boats, motor boats, and aeroplanes 
5040 Hydraulic machinery 

5050 General machinery 

5051 Shop machinery including lathes, plan¬ 

ers, sharpeners, drilling and boring 
machines, grinding machines, punch¬ 
es, presses and forges 

5052 Grounds keeping machinery 

5053 Mowers 

5054 Printing machinery 

5055 Scales—warehouse and platform 
5060 Fire apparatus and equipment 

5070 Hand tools, including benches, vises, 
ladders, hand trucks 

5080 Sanitary Equipment—vacuum clean¬ 
ers, drinking fountains, wash 
stands, sinks, etc. 

5090 Unclassified machinery and tools 
6000 MUSEUM SPECIMENS 

7000 ATHLETIC EQUIPMENT 

7001 Bleachers 

7010 Playground Equipment 

7011 Play apparatus (indoor) 
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PART III 


Applications in the University Business Office 

CHAPTER II 

University of Minnesota 

By 

W. T. Middlebrook 
Comptroller 

rp HE University of Minnesota has been using tabulating machines in the 

Accounting Department since 1926. At present the equipment consists of 
a type 4 direct subtraction tabulator with summary punch, a sorter, an inter¬ 
preter, an automatic duplicating key punch and an automatic verifier. The 
method of attaining the desired reports has varied considerably during these 
eight years. The procedure now in use is a result of that evolution, and is 
performing the accounting work more satisfactorily than could be done by 
any other method. 

The accounts are kept on a cash basis. By that is meant that income is 
not recorded as such until the cash is received, nor are expenditures recorded 
until the cash is disbursed. There is an exception to this in accounts receivable, 
but the amount collected through this account represents only a small portion 
of the University income. Invoices are paid during the month immediately 
upon their approval by the proper authorities. 

The classification of accounts as recommended by the National Committee 
on Standard Reports for Institutions of Higher Learning has been adopted 
in principle. 

As recommended, there are four major groups of funds: 

1. Current funds 3. Endowment funds 

2. Loan funds 4. Plant extension 

The accounts are designated by an eight digit code number. This code 
number is divided into two parts, each of four digits. The first is known as 
the department number; the second, as the budget number. The department 
number is essentially a general ledger account number. The budget number 
is a subdivision of the department number, showing the nature of the account 
and the fund from which the expenditures are made. For example, budget No. 
1100 would show that the account is a salary budget paid out of the Support 
fund while 1200 would be a salary budget paid from the Adams fund, and 
2100 is a supply budget paid from the Support fund. The number in the thou- 
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sands position designates the nature of the account, while the last three digits 
designate the fund. 

The University has about 160 trust funds or appropriations for which it 
must keep separate accounting records. This is accomplished by coding these 
funds and incorporating their code number in the budget number. In addi¬ 
tion to the department and budget numbers, all items of income are further 
classified as to the source and nature of the income. The expense items are also 
further classified according to the object of the expenditure. The classification 
in use is again quite similar to that recommended by the National Committee on 
Standard Reports for Institutions of Higher Learning, though the system of 
coding is different. 

The charges to the operating accounts or budgets are made on a commit¬ 
ment basis. The requisitions are charged to the departmental budget, as soon 
as they are approved, and credited to a Reserve for Open Requisitions. The 
invoices, when paid, are charged in the general ledger to this Reserve for Open 
Requisitions. This means that the balance in a departmental budget represents 
the amount remaining that may be requisitioned, and the balance in the Re¬ 
serve for Open Requisitions represents the amount of cash that must be reserved 
to pay for the item requisitioned. 

General Ledger and Budgetary Control 

There are five groups of transactions which are recorded on tabulating cards 
and from which the general ledger postings are made. The first of these 
groups is the annual budget and those transfers of funds, which constitute 
changes in the annual budget. The code numbers are incorporated in the 
annual budget and the cards are punched directly from that document. The 
changes, as requested by departments, are submitted on a special form, known 
as the “Request for Transfer of Funds.” When these have been approved, 
cards are punched from them. 

The second group includes requisitions for the purchase of supplies and 
equipment and the payment of other services and expenses. In the same group 
are the authorizations, or job orders, as they are often known. They are the 
transactions through which the commitments, or obligations are set up. 

The third group includes cash receipts. Cash receipts are not necessarily 
income, but may be credits to balance sheet accounts, or expense accounts. 

The fourth group includes disbursements. Disbursements are not necessarily 
a charge to an expense budget, but may be debits to balance sheet accounts 
or to income accounts. 

The fifth group includes all journal entries or inter-departmental transac¬ 
tions. They include distribution journal vouchers, bills between departments 
for exchange of supplies or for services rendered, the issues from the storehouses 
and the billing of closed authorizations or job orders. 

For the sake of uniformity in procedure, requisitions are made for all 
cash disbursements, except the payments of salaries. In the case of expendi¬ 
tures, which are chargeable to balance sheet accounts, the requisition is merely 
a medium of securing the approval for the transaction. It is not charged to 
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the balance sheet account. The invoice, when paid, becomes the basis of the 
charge. On the operating budgets, the requisition is charged to the budget 
and credited to the Reserve for Open Requisitions. When the invoice! is paid, 
the requisition number against which it applies is recorded on the card as well 
as the invoice and the account numbers to which the requisition was originally 
charged. 

Each card carries a reference number and the original data from which 
the card is prepared are filed according to this reference number, permitting 
easy reference to the original record. The original records in the cash receipts 
and journal entries are carefully bound and constitute the registers of receipts 
and journal entries. The vouchers prepared in payment of the invoices have 
to be abstracted, before they are sent to the State Treasurer for payment. This 
record, with the file of invoices, serves as a register of payments. It has not 
been necessary to prepare from the cards any registers in addition to these 
mentioned. 

All of the above entries are recorded on the same form of tabulating card. 
(Fig. 89). This card has fields for the recording of the following information: 



I'm. 89 


1. Posting list number 

2. Date 

3. Type of entry 

4. Reference number 

5. Requisition number 


6. Sub-account number 

7. Department number 

8. Budget number 

9. Classification number 

10. Amount 


In order to record in addition to the budget balance, the amount of the 
allotment and total of the commitments, it was found necessary to use several 
amount fields which are designated by the numbers 1, 2 and 3. 

When the cards have been punched and verified, they are sorted into order 
by funds within each of the four major fund groups. Since the cards punched 
for transfers of funds and for requisitions are always in balance by fund, 
they will not affect the totals by fund to be secured by tabulating the cards. 
It is obvious that journal entries will occur between accounts of different funds. 
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Fig. 91 —A Leaf of the Balance Card Back 




















It is therefore necessary to set up a “Receivable or Payable between Funds” 
account in each of these funds to accumulate the resulting adjustments. Sim¬ 
ilarly, a voucher drawn on the support fund may include the payment of in¬ 
voices which are chargeable to other funds. A tabulation is made to determine 
the amount of the adjustments, which must be made to reflect these facts. Cards 
are then punched for these adjustments and inserted manually with the other 
cards in the posting list after they have been sorted by department and budget 
number. This insures a constant balance of the accounts within each fund. 
After the cards for a particular posting list have been completely sorted and 
are ready for tabulation, they are needled and a balance card is selected from 
a rack (Fig. 90) and inserted manually before these cards are tabulated. A 
summary punch produces a new balance card, which shows the up-to-date budget 
allotment, the commitments and the free balance. As these cards are removed 
from the summary punch, they are placed in the interpreter, which prints on 
the top line of the card the amounts just mentioned. These cards are then 
returned to the rack and filed in such a way that only the account numbers 
and the interpreted amounts are visible (Fig. 90). 

The information on account balances is in this way kept constantly up 
to date and does away with the necessity of using any posting machines to 
accumulate the balances. The detailed information concerning the charges is 
listed by the tabulating machine at the same time that the summary card is 
prepared and is available during the month for reference to the detailed transac¬ 
tions. 

The summary cards produced in tabulating the daily postings to the general 
ledger make a convenient record of the account balances. By filing these cards, 
as illustrated (Fig. 91), not only the balance, but the up'to date allotment 
and commitment figure is visible. This file serves several purposes. When 
the cards are pulled, any errors in coding are usually caught, inasmuch as 
there will be no card in the file for the account. If the wrong card should be 
pulled, a separate summary card will be made for the balance card that was 
pulled in error and another one for the amount that should have been posted 
to the proper account. When these are returned to the file, the card that was 
pulled in error goes back in its proper place and the account for which no 
balance card was pulled will be filed with the balance card that is in the file. 
The cards are refiled by the accountant, which enables him to review every 
account that has been active and yet requires comparatively little of his time. 
The same procedure is applied to jobs in process, except that in place of show¬ 
ing the free balance, the cash balance on the job is recorded. From this file 
of cards statements of the accounts for any or all funds can be made during 
the month with little effort. 

At the close of the month, all of the cards which were posted during the 
past month are brought together and sorted into department and budget order, 
together with last month’s trial balance. From this is tabulated the official 
general ledger (Fig. 92). The posting lists could be used for this purpose, 
but the information is more condensed and usable when the lists are summarized 
once a month. 
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Fig. 92 


When this monthly general ledger is tabulated, cards are summary punched. 
These constitute a new trial balance of all the accounts of the University. After 
the general ledger has been tabulated, the operating accounts, or budgets, as 
they are commonly known, are listed a second time. This time, they are 
printed on fan-fold forms and separated. Each department receives, in this 
way, a statement of its account during the past month. The jobs in process 
are summarized in similar fashion. The jobs in process summary cards con¬ 
stitute a trial balance, the totals of which must check with the control in the 
general ledger. 

Expenditure and Income Distribution 

After the cards have been used to prepare the general ledger, all cards 
covering allotments, transfers of funds, requisitions and authorizations and 
all charges to balance sheet accounts regardless of type of entry are sorted 
out. The remaining cards are then separated by the classification numbers into 
income and expense groups. 

To these groups of cards are added the summary cards from last month’s 
expenditure and income tabulations. They are sorted by classification, budget 
and department and listed. Totals are taken for each department and budget. 
(Fig. 93). From this record, it is easy to obtain the totals for any classifica¬ 
tion since the account will show the total of that particular classification for 
the previous month and the detail transactions during the current month. The 
treatment of income items is identical to the one used for expense items. 
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Fig. 93 


Summary cards are not procured in this tabulation, since it is desirable to 
secure totals only by department and budget and to keep the report as con¬ 
densed as possible. Therefore, a second tabulation is made of these same cards, 
where totals are taken, not only by department and budget, but by detail 
classification and the three major groups of cards included, namely cash re¬ 
ceipts, invoices and journal entries. 

The reason for breaking these classifications down by the three major groups 
of entries is to satisfy the State Examiners, who require an analysis of these 
three groups by detail classification. It is almost unnecessary to point out 
that from these summary cards, statements by fund, by department, by budget, 
by classification, or by any combination of these classifications, can be secured. 


Allotments and Transfers of Funds 

Each month transfers are listed to show every change that has been made 
in the allotments for each account since the beginning of the fiscal year. Cards 
are summary punched for these totals. 

Obligations 

Each month, after the foregoing reports have been tabulated, the cards 
representing the open requisitions and any invoices against these open requisi¬ 
tions at the close of the previous month, together with the requisitions and 
invoices of the current month are tabulated by requisition number and budget 
number. Every requisition that is closed should balance, which is indicated by 
the absence of any totals for those items (See Fig. 94). 
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OBLIGATIONS - BY REQUISITION NUlfBER 

University of Minnesota 

■ 

Requisition No. 

Em 

Bud. 

Debit 

Credit 

Total bv Fund 

s 

1 

8 3 8 8 

1002 

2 10 0* 






1 

1 

8 3 8 9 

2204 

2 10 0 


1 




1 

1 

8 3 9 0 

32 0 0 

2 10 0 


1 




1 

1 

8 3 91 

300 0 

2 10 0 


1 




I 

1 

83 92 

4001 

4 10 0 


■ 




1 

■ 

8 3 9 3 

22 2 0 

2 10 0 






I 


8 3 96 

2204 

2 10 0 



3 SO 

0 0 




83 9 7 

24 0 0 

2 10 0 








_ _ J3 9B 

_ 2 6 01 

2 10 0 

_—_ 


^—__ 

-_ 




Fig. 94 


By controlling on the account numbers, as well as requisition numbers, any 
errors in coding or calculations will be revealed. The cards representing the 
closed requisitions are pulled and filed in the “closed file.” The remaining 
cards are re-sorted by department and budget and listed to show in detail 
all transactions affecting the open requisition (Pig. 95). Totals are secured 
by department and budget. Summary cards are punched for each total. This 



statement makes an excellent analysis of the Reserve for Open Requisitions. 
The authorizations and the bills for completed authorizations are treated in the 
same fashion and a statement of open authorizations is prepared. 

Capital Expenditures 

Each month a statement is prepared showing all items of capital expendi¬ 
ture. From this report, the inventory clerk prepares inventory cards against 
which he will ultimately check the actual equipment. 
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Monthly Budget Reports 

When the summary cards showing the free balances in the budgets, the 
summary cards for expenditures and income, the summary cards for obligations, 
are added to the original allotment cards and sorted by department and budget 
number, a statement is made showing for each budget the amount of the 
original allotment, the increase or decrease in that allotment, what miscel¬ 
laneous income may have been credited to it, what the total of expenditures 
is, what the total of commitments is, and the free balance. (Fig. 96.) All 
this is printed on a single line for each account, a separate column being pro¬ 
vided for each class of information. 



Fig. 96 


This report condenses and analyzes the budget activities so as to furnish a 
control not possible under any other plan. 

A similar statement is made for the income accounts, showing the original 
estimate of income, the changes in that estimate of income, the income received, 
the refunds that have been ordered, but not paid, and the amount of income 
over or under the estimate. 

In addition to the tabulations described numerous other reports and analyses 
are prepared. Some of these are prepared periodically and others are prepared 
to answer some special problem for the Administration, the State Examiners 
or the State Legislature. 

There is in preparation a procedure for investment control. This involves the 
punching of cards for each investment. From these cards will be tabulated state¬ 
ments of the investment portfolio for each fund, statements of the total amount 
of each security subdivided by funds, and statements of income from investments. 

A tabulating machine method of storehouse inventory control is also con¬ 
templated. 

Another application of the tabulating method which is being studied is 
the preparation of the semi-monthly payroll. With the use of alphabetic 
equipment and the checkwriting interpreter it will be possible to prepare the 
payroll and the pay checks with a minimum of expense and time. 
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PART III 


Applications in the University Business Office 
CHAPTER III 
New York University 

By 

Earle L. Washburn 
Auditor 

W ITH the thought that other institutions might be interested in the use we 
are making of tabulating machines in our bookkeeping departments, this 
description is offered, supplementing those of the other administrative depart¬ 
ments which use the equipment. 

In 1921-1922, when our budget amounted to about $2,000,000, it was becom¬ 
ing evident that bookkeeping by manual methods failed to provide us each 
month with information concerning our budget position promptly enough to 
aid in determining administrative policies and to permit rendering statements 
on condition of appropriations to the operating departments. After two years 
of investigation we installed, in 1924-1925, two bookkeeping machines which 
met the situation until the year 1929-1930, when our total budget had risen to 
$7,000,000. 

After reviewing our methods again, we concluded to install the tabulating 
equipment we are now using, retaining the bookkeeping machines for use as 
outlined in the course of this article. The tabulating equipment is used jointly 
by three divisions of the administration and occasionally by some of the academic 
departments. The administrative departments using the equipment are: Audi¬ 
tor, Bursar, and Registrar. 

The equipment consists of: 

(a) One 45-column printing tabulator 

(b) One sorter 

(c) One gang punch 

(d) One summary punch attached to tabulator 

(e) Key, duplicator, and verifying punches in each office as required. 

The cards are prepared under the supervision of the officer in charge of 
each administrative unit, the sorting and tabulating being done in a central 
office on a work schedule so arranged that there is no conflict among the depart¬ 
ments using the joint equipment. The use by the Registrar and Bursar are 
described elsewhere, this article being confined to the Auditor’s department. 
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The transactions of the Auditor are of two general types: 

1) Those relating to the budget 

2) Those relating to purchase and sale of investments and other 

capital funds. 



These transactions call for the use of a card (Fig. 97) designed to provide 
information in detail concerning budget receipts and payments, and journal 
transfers of debits and credits between service departments and budget operating 
divisions. From these, statements to operating divisions may be prepared and 
simultaneously, divisional and consolidated aggregates determined by which 
the detail operations of all departments can be reduced to a limited number 
of basic figures. This permits a quick and accurate measure of our budget 
position after a few moments inspection. 


By columns, the cards are used as follows: 

1 To segregate the cards into two groups for posting to ledgers. 

2 - 3 To identify cards by date. 

4 - 8 To identify cards by payee so they can be traced to the voucher file 

of payees, maintained in alphabetical order. 

9-13 Additional identification to determine specific item under each payee. 

14 To segregate cards by the classes of cash, i.e., current or trust funds. 

15 - 17 General ledger account. 

18 - 21 Income and expense classification. 

22 - 24 Operating departments to which detailed statements are sent 
(Fig. 98). 

25 - 29 To record the identifying number on requisitions for which invoices 
have not yet been received, but for which there are outstanding pur¬ 
chase orders. 

30 - 45 For amounts on requisitions, invoices, or journal entries. 
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Fig. 98 


Cards for receipts are tabulated separately from those for payments. Deposit 
statements are prepared each day by the clerk in charge of deposits and a 
number given to the deposit statement. This number is punched in columns 
9 - 13. 

Attention is called to the description “Accumulation” above columns 38 - 45. 
On our statements to the departments we are required to show the expenditures 
for the year to date (See Fig. 98), as well as for the current month. By 
use of the x position and a summary punch we automatically obtain cards for 
the “year to date” figure while the tabulation for the current month is being 
prepared. In tabulating for the detail statements to the departments the paid 
invoices and requisitions are combined and all figures in the code columns are 
used, resulting in a tabulation (Fig. 99) from which Exhibit Fig. 98 is struck 



NEW YORK UNIVERSITY 

TABULATION SHEET 

FOR 

CONTROL BUDGET STATEMENT 



ACCOUNT 

DEPART 

CLAS9IPICA 


ITU R EE 
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16 


" 
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23 
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23 
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24 
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24 
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1237 
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13 15 
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16 3 1 
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70 50 



5 7 
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5 7 
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7 65 
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1312 
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133 5 


5 100 
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134 2 


15 337 
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25 
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5 
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137 8 
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5 7 
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139 9 
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300 
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Fig. 99 
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off. Just preceding this a tabulation is made employing only the first two 
figures of the code number. This tabulation (Fig. 102) provides a posting 
summary of cash transactions, the totals of which are carried to bookkeeping 
machine cards which form the general ledger. The classification ledger and 
the department ledger are posted simultaneously with the divisional control 
ledger by superimposing the former on the latter (Fig. 100). From the classi¬ 



fication ledger master cards (Fig. 101) are prepared, a tabulation of which re¬ 



sults in a consolidated statement (Fig. 103) for each division and for the entire 
institution. The “estimated” column in this Exhibit (Fig. 103) is prepared 
by the Auditor’s office and is based upon requisitions and other factors not 
actually a matter of book record. 

Investment Inventory and Control 

These transactions call for a card of an entirely different character from 
those just discussed. They result in changes in the investment portfolio and we 
decided our primary interest lay rather in the portfolio itself, and the income 
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NEW YORK UNIVERSITY 


PAYEE 

ACCOUNT NUMBER 

CLASSIFICA¬ 

TION 



TOTAL 

14 05 

5 6 

13 

3 60 

3 98 2 


405 3 

5 6 

13 

360 

3 50 

5802 

315 1 

5 7 

18 

ooo 

73205 


4 0 3 5 

5 7 

18 

ooo 

32 

73237 

2 84 

5 7 

24 

000 

12 12 


440 

5 7 

24 

000 

3500 


10 86 

5 7 

24 

ooo 

46390 


21 01 

5 7 

2 4 

ooo 

900 


210 7 

5 7 

24 

ooo 

6500 


266 8 

5 7 

24 

000 

368 


2762 

5 7 

24 

ooo 

4 500 


3119 

5 7 

24 

ooo 

13 96 


3785 

5 7 

24 

ooo 

269 


39 7 9 

5 7 

24 

ooo 

17 50 


3985 

5 7 

24 

ooo 

42 00 

70935 

10 21 

5 7 

25 

ooo 

2 5 00 

2500 

317 9 

5 7 

29 

ooo 

54 0 

54 0 

3606 

6 7 

44 

ooo 

186277 

186277 

181 

5 7 

1 3 

001 

3332 


43 9 

5 7 

13 

001 

6088 


4 5 4 

5 7 

13 

001 

44 14 


8 23 

5 7 

1 3 

001 

1125 


12 18 

5 7 

13 

001 

74 10 


144 7 

5 7 

1 3 

001 

7 50 


243 5 

5 7 

13 

001 

193 0 


303 1 

5 7 

13 

001 

89 


30 9 4 

5 7 

13 

001 

14795 


34 2 8 

5 7 

13 

001 

16 00 


3609 

5 7 

13 

001 

5 56 


404 0 

5 7 

1 3 

001 

1421 


49 2 6 

57 

13 

001 

3151 


63 24 

5 7 

1 3 

001 

13200 

5 9 86 1 

4 5 4 

5 7 

13 

002 

10672 


650 

5 7 

13 

002 

745 


243 5 

5 7 

13 

002 

24 10 


323 3 

5 7 

1 3 

002 

14 13 


43 02 

5 7 

13 

002 

6475 


636 9 

5 7 

1 3 

002 

1875 

23590 

235 

5 7 

1 3 

003 

1221 


114 8 

5 7 

13 

003 

3281 


3116 

5 7 

13 

003 

10000 


34 56 

5 7 

13 

003 

4 60 

1 4 96 2 

1 5 

5 7 

13 

004 

6 16 


18 7 

5 7 

1 3 

004 

25 50 


2 02 

5 7 

13 

004 

165 


2 2 8 

5 7 

13 

004 

763 


4 5 4 

5 7 

13 

004 

309 


650 

5 7 

1 3 

004 

380 


903 

5 7 

1 3 

004 

202 


3 04 

5 7 

13 

004 

2 16 


36 4 

5 7 

13 

004 

300 


2435 

5 7 

13 

004 

6 93 


2986 

5 7 

13 

004 

696 


30 17 

5 7 

1 3 

004 

775 


326 7 

5 7 

•13 

004 

2000 


4036 

5 7 

1 3 

004 

94 19 


404 4 

5 7 

13 

004 

2832 


4913 

5 7 

13 

004 

908 


636 9 

57 , 

1 3 

004 

1500 

24 3 24 

4 17 

5 7 

1 3 

oi5^ 

214 9 


1218 

5 7 

1 3 

015 

154 9 


2986 

5 7 

1 3 

015 

1 54 


30 08 

5 7 

1 3 

015 

7 09 


3503 

5 7 

1 3 

015 

1 01 50 

14711 

27 16 

5 7 

1 3 

016- 

860 

86 0 

24 0 

5 7 

1 3 

025 

300 

300 

43 76 

5 7 

1 3 

033 

2 06 

206 

4 3 

5 7 

1 1 

070 

25 


353 

5 7 

1 1 

070 

353 


4 23 

5 7 

11 

070 

1801 


4 4 7 

5 7 

11 

070 

233 


1008 

5 7 

1 1 

0 70 

2 50 


1534 

5 7 

11 

070 

403 9 


162 7 

5 7 

11 

070 

100 


185 1 

5 7 

11 

070 

1490 


22 2 8 

5 7 

11 

0 70 

1542 


3052 

5 7 

11 

070 

11296 


3163 

5 7 

1 1 

070 

1397 


346 8 

5 7 

11 

070 

2 1090 


34 8 8 

5 7 

11 

070 

960 


3683 

5 7 

11 

070 

100 

















Fig. 103 


therefrom, than in the transactions by which the exchange was accomplished. 
As a trust company is custodian of our investments, principal cash rarely 
passes between us, all sums received from maturing investments being re-invested 
as quickly as possible. 
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Fig. 104 


A card (Fig. 104) was therefore designed to provide: 

1) A code number for each security 

2) A classification by 

(a) Type, i.e., bonds, stocks, mortgages, etc. 

(b) Character, i.e., Railroad, public utility, etc. 
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NEW YORK UNIVERSITY 


TOTAL SECURITIES OWNED 


FUNb 

CODENa) 

ST 

OP SHARES 


ROOK VALUE 

i • 701 

110 


70U000 

707875 

701 

.24 


lOoOCO 

>9200 

701 

L 25 


200000 

14 0 5 0 C 

701 

L 2 6 


100000 

>4950 

701 

L 4 7 


1300000 

1278875 

701 

L 80 


200000 

134000 

701 

3 02 

1 80 

18 00000 

1 44 0 0 0 C 

701 

3 12 

10 

4 oooco 

100000 

701 

317 

10 


70 1 

319 

31 

-310000 

500000 

701 

361 

3 5 


361800 

701 

35 2 j 

11 


10994 5 

701 

35 7 

3 

80000 

113000 

70 1 

3 5 ij 

32 

320000 

4 >1 200 

701 

3 a > 

104 

10 40000 

1251000 

701 

39 9 

1 

10000 

11950 

70 i 

7 16 

4 23* 

62 6uOGO * 

25870000 
3286294 5 * 

702 

si 7 

2 


19990 

702 

3 4 0 

2 71 

271O000 

2 4 > 0 84 8 



2 73* 

27 10000 * 

2610838 * 

703 

1 w 4 


1500000 

1531125 

703 

15 7 


2500000 

2656250 

703 

162 


1000GO 

83250 

703 

1 72 


100000 

102375 

703 

160 


500000 

431250 

703 

2 10 


6 4 5 0 C 0 

645000 

703 

211 


10 7 5 0.0 0 

I075000 

703 

2 2 5 


3762 60 

376250 

703 

250 


8 6 0 0 0 0 

860000 

70 3 

25 1 


860000 

8 60000 

703 

25 2 


817000 

8 1 7000 

703 

253 


322500 

322500 

703 

35 4 


1505000 

1505000 

703 

?8i 


63950 

63950 

703 

1 00 

1000000 

800000 

703 

322 

1505 


2332750 

703 

330 

523 


476425 

703 

331 

323 

323000 

1090125 

703 

3^3 

323 

32300 

125153 

703 


204 


331500 

70 3 

3 4 1 

5 70 

1425000 

833625 

703 

3 4 3 

2 6 3 


1068650 

703 

34 6 


185 60000 

5939200 

7v3 

3 0 0 

3 07 

967500 

1 2964 50 

703 

35o 

2 253 

22580000 

7169150 

7v3 

3 0 7 

103 

1060000 

1139400 

70 3 

36 5 

1000 

25 00000 

4 025000 

70 3 

5 00 


483750 

483750 j 



9225 * 

6 0176250 * 

334401331 

705 

14 5 


3 00000 

7 10 0 0 0 

705 

3 17 



4 9975 

705 

361 

1 


10 0 5 C 

705 

3 5 6- 

222 


2190040 

705 

3 6 7 

22 

220000 

312950 | 

70 5 

36 1 

200 

4 50* 

1020000 * 

913000 

4191015* 

707 

1 26 


5 OOOCO 

476000 

707 

ua 


5 00000 

491625 


* 

10 oooco * 

9 6 7 6 2 0.-. 

710 

1 01 


13§000 

136000 

710 

1 4 7 


3 00000 

295500 

71 0 

3 01 

46 

4 6 0 0 0 0 

460000 

710 


33 

380000 

54055C 


04 * 

1 

1 

1 

j_ 

1275000* 

1 431050V 


Fig. 105 


NEW YORK UNIVERSITY 
TOTAL SECURITIES OWNED 


j j 
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COOINe 
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■OOK VALUE 

119 

2000 

* 

300000 

300000 * 

300000 I 
300000* 

1 20 

1 20 

20 0 0 ! 
4000 

* 

25 00000 
2500000 
50 00000 * 

2117750 

2183750 

4301500* 

121 

2000; 

* 

5000000 

5000000* 

5075725 

5 075725 * 

1 22 

4000 

* 

3200000 

3200000* 

3 093000 

3 093000 * 

123 

123 

20oq 

4000 

* 

5000000 
2500000 
75 00000 * 

5 00112 5 

2 4-25000 
7426125* 

124 
12 4 
12 4 
124 

701 

2000 

3101 

3301 

* 

100000 
400000 
44 00000 

100000 
So opooo* 

9 9 200 
42396 0 
4364800 
99200 
*987160* 

,12 6 
125 
.1 25 

1 25 
125 

70 1 
716 

3002 

3003 
4 0 00 


200000 
600000 
200000 
10 0 0-000 
500000 
25 00000 * 

140500 

411500 

14 0 5 0 0 
700000 1 

361250 
174375.0* 

126 

126 

126 

126 

126 

1 26 

701 

707 

2000 

3001 

3003 

3101 

* 

M 

OW On 

00 *(-V) 0 >l* 

0000000 

0000000 

0000000 

0006000 

0000000 

94 95 0 
476000 
6662300 
95200 ! 

380800 j 
190.4000 
9613250* 

1 2 8 

2000 

* 

65 00000 
.6500000 * 

6461600 

6461600* 

12 9 
129 

lOOO 

2000 

« 

15OO00 
6100000 
5250000 # 

'33 00 0 

6 077687 

5 110687 * 

13 0 

4000 

* 

6000000 
50 0 0 0:00 * 

4450000 

4 450Q0O * 

131 

4000 

* 

50 000-00 
5.0 00000 * 

3749425 

3749125* 

1 32 

1 32 
,13 2 

' 

70 7 
2000 
3101 

* 

5 00000 

5 00000 
4000000 
5000000v 

491625 

487492 

3898278 

48 7 7 395 c 







Fig. 106 


3) Par value of bonds or stocks 

4) Number of shares 

5) Book value (cost) 

6) Month in which income is due 

7) Amount of periodical income 

8) Fund for which the security constitutes the investment. 

An index file of code numbers, arranged both numerically and alphabetically, 
is, of course, maintained to identify the cards and a copy supplied to the officers 
of the trust company which handles our account. 
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To ascertain the investments of a single fund the cards are sorted on columns 
42 - 45 and tabulated by code number to show par value and book value of 
bonds and shares of stock. Such a tabulation is set forth in Fig. 105. This 
total book value of the investments plus cash awaiting investment provides us 
at once with a figure to prove against the fund itself which is the sum for 
which the institution is accountable. By reversing the order of the tabulation 
we obtain a statement of the total amount of each security by code number 
sub-divided by funds (Fig. 106). 


When a change in the portfolio occurs, the cards representing the securities 
sold are removed from the file and replaced with new ones for those purchased. 
All transactions in securities and funds are booked by journal entries which are 
immediately posted to the ledger cards (Fig. 100), the tabulating cards (Fig. 
97) being prepared subsequently and tabulated for purposes of proof only. 

Just before the end of each month we wish to know the dividends and inter¬ 
est due during the following month. To secure this information we sort on 
columns 29 - 34, as follows: 

29 for January and July 

30 for February and August 

31 for March and September 

32 for April and October 

33 for May and November 

34 for June and December 


fund 

Coda 

Amount of 
Incoma 

701 

109 

30000 • 

701 

126 

2500 

701 

312 

70 1 

319 


701 

351 

5 4*0 0 

701 

360 

17500 

55 400 * 

702 

320 

4 5 

702 

3 40 

45 * 

705 

35 1 

160 

705 

356 

1 5 0 * 

707 

1 26 

12500 

707 

320 

• 375 

12875 * 

710 

301 


710 

320 

135 
135 * 

7ll 

320 

135 

* 711 

351 

600 



73 5 * 

1701 

126 

62500 

1701 

301 

170 1 

351 

157 50 

1701 

356 

78250 * 


Fig. 108 
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Fig. 109 


Assume we wish to find the income falling due in January, we sort on 
column 29. All cards thus selected are then tabulated by code number sub¬ 
divided into funds (columns 42 - 45) as shown in Fig. 107. By reversing the 
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order of the tabulation we also obtain the income for January for each fund 
(Fig. 108). By adding together the results of twelve such tabulations we 
may easily obtain the estimated annual income for any fund. 

On the first of each month we also wish to know the value; of our portfolio 
as measured by the quotation at the close of the last day of the preceding month, 
with the portfolio subdivided into securities by classes. To obtain this informa¬ 
tion we first sort on columns 4 and 5. Column 4 determines the nature of 
the investment, whether bonds, or stocks, or mortgages. Column 5 subdivides 
column 4 into railroad, public utility, industrial, etc. By tabulating these cards, 
controlling on the code field, we obtain the par value, book value and number 
of shares for all pieces in the portfolio. With this information as a guide, type¬ 
written statements are prepared (Fig. 109). Copies of these and of the tabu¬ 
lations (Figs. 107 and 108) are furnished each month to the custodian of our 
investments. 
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PART III 


Applications in the University Business Office 

CHAPTER IV 

New York University 

(Continued) 


By 

W. R. Hendershot 

Bursar 

SUPPLEMENTING the descriptions of the use of the Hollerith Tabulating 
^ Machines in other administrative offices of New York University, a brief 
description of their application to the work in the Bursar’s Office is given in 
the following: 

The student’s ledger card which is presented to this office at the time of 
payment of fees is turned over to a key punch clerk who punches a fee total 
card (see Fig. 110) for each student’s account. This card provides space for 
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Fig. 110 


indicating the school or college of the University in which the student is regis¬ 
tered, designation of the cashier, the receipt number, the total amount of fees 
the student must pay for the term, and the amount he actually paid. These 
cards are tabulated numerically by receipt number and by schools for each 
cashier thus giving us our detailed daily cash receipt record (Fig. Ill) as 
well as the total fees receivable in each school. The total collections tabulated 
for each cashier must agree with his daily receipts and are proved by a pre¬ 
determined total obtained by adding machine listing the amount on each ledger 
card. While the University’s books are kept on a cash basis and the accounts 
receivable are not recorded thereon, our fee total cards give us the information 
regarding our student accounts receivable necessary for budgetary control. 
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Fig. Ill 


In addition to the fee for tuition we have over 300 different kinds of labora¬ 
tory and incidental fees for which separate accounts must he kept. The keeping 
of these accounts is accomplished by punching on our fee distribution cards (see 
Fig. 112) the information appearing on the individual ledger cards. On the fee 
distribution card there is provision for indicating the kind of entry, the 
name of the school, the designation of the cashier, the receipt number, and 
the various kinds of fees. Special columns are provided for those fees which are 
charged uniformly to the majority of our students. Other columns allow us 
to indicate by code the various other fees that are charged only to students who 
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enroll for tlie courses in which the fees are required. These cards are tabulated 
giving us our daily distribution of fee collections (see Fig. 113) by schools and 
kinds of fees rather than by cashiers and receipt numbers. The entry column 
on the fee distribution card is used to indicate the type of entry, that is, whether 
it is a cash collection, cash refund, or transfer to or from a school. All cash 
refunds and transfers are tabulated to show distribution of the fees refunded 
or transferred. The total daily distribution must, of course, agree with the 
total cash collections as indicated by the fee total card tabulation. 



Fig. 113 


In addition to the use of the machines for fee collection, they are also used 
in connection with our faculty payroll work. 

The University is organized on a school basis and a great many of our 
faculty members teach in the same department in two or more schools. In these 
cases the monthly salary must be charged on a pro-rata basis or contract basis 
in accordance with the amount of teaching done in each school. One check is 
drawn to cover the full salary and a payroll tabulating card (see Fig. 114) is 
punched out covering the salary he receives in each department of each school 
so that we get a correct charge against the proper department each month. 

The payroll tabulating cards also provide full information regarding a 
faculty member’s status as to part-time or full-time, academic rank, school in 
which he is teaching, the department, classification (e.g., faculty, laboratory, 
clerical etc.), and his full monthly salary. Provision is also made for indicating 
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Fig. 114 
Payroll card. 


the deductions from his salary to cover group insurance premiums, contribu¬ 
tions toward annuity policy, and deductions for life insurance carried with the 
Teachers Insurance and Annuity Association of America. His gross salary is 
indicated in the salary column and the amount of deductions in the deductions 
columns so that when the cards are tabulated we get the total charge against 
each school and department and a separate tabulation covering the deductions 
for various purposes. The total of the checks drawn to cover the payroll must 
be balanced with the total salary tabulation less the tabulation of deductions. 
This gives us an absolute check on our salaries and prevents the possibility of 
our paying a group insurance, annuity, or life insurance premium for an 
individual when the amount has not been deducted from his salary. Provision 
is also made for indicating the amount of annuity contributions paid by the 
University from which we get, together with the tabulation of the annuity salary 
deductions, the total amount of the monthly check which must be mailed to the 
Teachers Insurance and Annuity Association of America each month in pay¬ 
ment of premiums due. 

We know from experience that without the use of the Hollerith Machines 
it would not be possible for us to obtain the information we must have without 
greatly increasing our staff and even then the information would not be avail¬ 
able until many weeks later than it is at the present time. 
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PART IV 


Miscellaneous Administrative Applications 

CHAPTER I 

The University Press 

By 

Hakvey C. Daines 

Assistant Comptroller and Associate Professor of Accounting 
The University of Chicago 

^TABULATING machines have been applied to a number of different tasks at 

The University of Chicago. The most important of these applications are 
the budget control procedure in the Comptroller’s office and the job cost account¬ 
ing in the Buildings and Grounds Department. For this article, however, 
another application is the subject. This application really represents a by¬ 
product installation at The University of Chicago. It is selected because it deals 
with a phase of administration not often encountered in universities and colleges, 
sales analysis. 

The University of Chicago Press sells books all over the world, to a variety 
of customers. In addition to sales of books, it handles the! distribution of 
various educational and scientific journals, the sale and rental of films, and 
materials sold as the result of radio programs. 

To properly administer this type of business, it has been found desirable to 
keep inventories of books, to analyze sales, and to prepare certain journal 
entries for the accounting department. About a year ago certain parts of this 
work were assigned to the tabulating department. 

Cards are punched for the sales of books and journals and for the sale and 
rental of films. In addition to these sales items, cards are punched for credit 
memos. The two cards are alike except for the red stripe on the “credit” cards. 

Various fields are provided for recording the necessary information. (See 
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Fig. 115.) Those for date, invoice number, state and quantity are self-explana¬ 
tory. The others are: 

DIFFERENCES: Where the amount received in cash differs from the 
amount billed, the difference is recorded in this field. A surplus 
is punched in positive figures and a shortage in complements. 

TYPE: The left hand column of the two columns provided is used to 
record the kind of transaction; such as, cash sales, charge sales, cash 
refund or refund payable through “Accounts Payable.” The other 
column shows whether the transaction is domestic, foreign, free, sub¬ 
ject to examination, or on consignment. 

TAX: Used to designate sales on which retail sales tax must be paid. 

AUTHOR:' A code is used which arranges the books in alphabetic order 
by the author’s name. 

TITLE: Each book by an author is numbered in sequence beginning 
with number one. 

PROPERTY: Not used at present but will indicate the proportion of 
the University’s ownership in the book. 

ACCOUNT NUMBER: Designates the account to be credited or charged. 

LIST AMOUNT: The amount of sale based on the catalog or list prices. 

TAX AMOUNT: The amount of sales tax billed to the customer. 

CARRIAGE: The amount of postage or other carrying charge billed to 
customer. 

BILLED AMOUNT: The amount of sale after the discounts have been 
deducted but not including the amount of tax or carriage. 

From the punched cards several reports are prepared. The first of these is 
prepared on the 10th and 20th of each month. It shows by book the net sales 
since the first of the month. This report is prepared in order that the sales 
department may have current information on those books which are selling and 
also to aid in determining when printings should be ordered. 

The remaining reports are prepared at the close of the month. Of these the 
first is an “Allocation of Sales by States.” It shows the total sales during the 
past month on a territorial basis at the list prices and the billed or net prices. 

The second report is a “Monthly Report of Book Sales.” (See Fig. 116.) 
It shows by book (Author and Title) the number of volumes sold for each of 
the following classes of sales: 

1. Domestic sales 4. Free or “on examination” shipments 

2. Foreign sales 6. Consignments 

Since only the first two of these classes represent completed transactions, they 
are the only ones which will have amounts under list price and billed price. 
The last three columns of the report show the totals for each book. There are 
three columns: Quantity, List Price, and Billed Price. The monthly posting 
to the inventory control record is made from the total quantity column. 

The next tabulation includes the same cards as the previous report. It 
itemizes for each book, the sales transactions during the month. In addition to 
the author and title it lists the invoice or reference number, and the quantity 
sold or returned. Totals are secured by book for sales and returns. Each month 
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a section of the inventory is checked. Where differences occur, this statement 
facilitates the locating of errors. 

Three journal entries are prepared for the accounting department from the 
next tabulation. The cards are sorted by type of entry and account number. 
The first journal entry records the distribution of sales of books and films. The 
second journal entry records the distribution of sales of the various journals, 
and the third analyzes the credit memos. 

The final monthly tabulation deals only with taxable items. Totals are 
secured showing the total sales in the state of Illinois with a division between 
those that are taxable and those that are non-taxable, and the total of taxes 
billed. This is used in preparing a tax return required under the Retailer’s 
Occupation Tax law in the state of Illinois. 

At the close of the fiscal year, a physical inventory is taken. For this pur¬ 



pose special inventory cards are used. (Fig. 117.) These cards are numbered 
and the number prepunched at the factory when the cards are printed. As the 
cards are issued the numbers are recorded. To insure accuracy, all cards issued 
must be accounted for before the final tabulation begins. 

A card is punched for each hook showing: 

Number of volumes on hand. Inventory price last year. 

Inventory price this year. Sales volume classification. 

These cards after being checked against the inventory record, are extended 
in groups according to the classification punched on the cards. The extensions 
of the inventory prices for this year and last year are accomplished by pro¬ 
gressive digiting. 

From the totals thus secured, journal entries are prepared showing the 
total value of the inventory, and the amount of the mark-down which is being 
charged to the past year’s operations. The amount of the mark-down is based 
for each book on the volume of sales for the past year. 

The inventory card described above is used in several departments besides 
The University of Chicago Press. It is used to calculate the inventories at the 
close of the fiscal year in the general storerooms, the bookstore, the clinical and 
hospital stores, and the laboratory supplies storeroom. 
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PART IV 


Miscellaneous Administrative Applications 


CHAPTER II 


University Hospital Business Office* 

By 

George P. Bugbee 

Office Manager, University Hospital, University of Michigan. 

OEVERAL years ago the University Hospital of the University of Michigan 
made a study of punched card tabulating methods and possible applications 
for such a system in the Business Office routine. As a result of that study 
certain parts of the clerical procedures were revised for use with punched cards. 
Eventually it is anticipated that the application will be much more general 
than at present. 

The University Hospital admits patients sent from various governmental 
agencies under a variety of state acts providing for hospitalization. A rela¬ 
tively small number of cost and private patients are also admitted and pay 
for the expense of hospital care. The hospital has always found it advisable 
to keep detailed statistical analysis of information in regard to the patients 
registered in the Out-Patient Department and admitted to the In-Patient De¬ 
partment. It was practically impossible to prepare a report in sufficient detail 
by the usual manual method. The results before this analysis was put on punched 
cards were unsatisfactory; in spite of large expense the analysis did not provide 
all information desired. 

At the present time a tabulating card (Fig. 118) is prepared for each 
patient admitted either to an Out-Patient or In-Patient department from the 
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* Editor's Note : In connection with this topic see also pp. 99 and 241 to 316. 




























information secured from the registration record (Pig. 119) prepared at the 
time of admission. It is now possible to analyze, in any re-grouping, the in¬ 
formation recorded on the card. We routinely analyze admission totals by 
the financial classification at the time of admission, by the county of resi¬ 
dence, by age and in a variety of other ways. We very seldom find that we 
do not have prepared analyses of this information at any time it is required. 



Fig. 119 


Registration sheet. 


The preparation of special reports is easily accomplished from the informa¬ 
tion recorded on the cards and from time to time this has been of considerable 
value. Much information which was lost is now permanently recorded and 
available when needed. 

Practice shows various philosophies existing in regard to the billing of 
charges for hospital service. This institution is entirely dependent on revenue 
from patients for its support. Business-like methods have been very necessary 
in order to preserve a balance between expense and revenue. Contrary to 
popular tendencies, this institution has avoided flat rate charges as a less busi¬ 
ness-like method. It is the belief that within practical limits each patient 
should be charged for the expense of his care. An endeavor is made to 
include in the room charge all small services, such as routine medication, dress¬ 
ings and diets. On the other hand, a patient who requires extensive service 
from the operating room, for anesthetics, and for special laboratory facilities 
should and does pay in proportion to use. In order to accumulate against 
each patient the special charges for the special services which he receives, 
it has been necessary to develop a method of accurately reporting charges, 
and posting to accounts receivable. 
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While the primary reason for special charges is an accurate aecount of 
the total expense for the treatment for any patient, there are other equally 
important reasons for this plan. An analysis of revenue by departments makes 
possible a comparison between expenses in any special department such as 
the X-ray Department, with the total revenue in that department. Thus for 
each service department a report is prepared showing the net financial results. 
This we consider a very important aid to management whether in the hospital 
or the manufacturing concern. 

To enjoy the advantage last described it is, of course, necessary to analyze 
revenue carefully by the department earning that revenue. The principles 
of such an analysis are simple, requiring only the classification of revenue by 
departments and the accumulation of totals for each department. However, 
the clerical work involved is large. In addition to an analysis of revenue by 
departments the management wished to have an analysis of revenue by source 
of payment. Considering these two problems in relation to punched card pro¬ 
cesses, it was determined that each item of revenue could be put on a tab¬ 
ulating card (Fig. 120) with the designation of the department in which the 
revenue originates, the type of charge, and a designation of the financial classi¬ 
fication of the patient to which the charge was assessed. 



Each of these forms has available on it the information required. The in¬ 
formation is punched in the card and coded at the same time that it is punched. 
The card form shows the information recorded: date, patient registration num¬ 
ber, classification indicating the source for payment of the aecount, whether 
the patient is an in-patient or an out-patient, the revenue classification number 
and certain other pertinent data, depending upon the type of charge. For 
instance room, charges also carry a column indicating the number of patient 
days and the type of service. 

Room charges are posted to patients’ accounts from a photostatic copy 
of the alphabetical admitting files (Fig. 121). Special charges are posted 
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Fio. 121 


from unit charge slips from each service department (Fig. 122). 



OUT PATIENT 
DEPARTMENT 


7 / 16/34 
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Mich 


CLASSIFICATION 


CHARGE TO THE ABOVE THE FOLLOWING: 



ar? 2149 (421-out oat] 




These cards now make possible the preparation of an analysis of revenue 
by department (Fig. 123), by type of revenue (Fig. 124), by the source of 
revenue (Fig. 125), and by in-patient and out-patient departments (Fig. 126). 
The same cards accumulate the patient days of care rendered patients sent 
here at county expense. A division of the total of revenue charges to these 
patients by the patient days rendered the same group yields a quotient which 
is the average charge assessed the group. This is an important index for 
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comparison with the flat rates which are now so often charged for hospital 
service. 

The analysis of revenue has shown, as is so often true with mechanical 
sorting equipment, possibilities for securing many subsidiary reports, somewhat 
as by-products of the report for which the system was designed. Thus an¬ 
alyzing postings for room charges readily secures the total of patient days, 
by ward and by medical service (Fig. 127). In the same way the units of 
service in any given department can easily be secured. Such reports all save 
time elsewhere in the organization and add very little to the clerical work 
of preparing the tabulating cards for the general information required. One 
operator is now punching and verifying approximately 1,000 cards per eight 
hour day. Where necessary the operator codes directly from the original media. 

Medical Records 

For some months a very intensive study has been in progress by a com¬ 
mittee appointed by the Executive Staff of the hospital, of the practicability 
of cataloguing medical record information by the punched card system. Effec¬ 
tive July 1, an experimental system was put in operation. All medical record 
diagnoses, special therapy and certain other pertinent data are being catalogued 
on punched cards for reference for medical research by members of the staff. 

In addition to a general plan for use of punched cards with medical records, 
various departments have been recording by this method certain medical data. 
The Pathology Department is recording in some detail the autopsy records. These 
are coded (Fig. 128), and then punched (Fig. 129). This information is 
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Fig. 128 


Autopsy Code Card 

secured from the autopsy summary which, until this time, has been classified by 
manual methods for future reference (Fig. 130). 

Another example is a report form used by the Cancer Clinic which is so 
designed that no coding at all is necessary, excepting physician’s name. (Fig. 
131). 
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The routines described above are those now in use in the Business Office. 
A study has been made of the payroll procedure, distribution of commodity 
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Fig. 129 

Autopsy Punch Card 


UNIVERSITY OF MICHIGAN 
ANN ARBOR 

UNIVERSITY HOSPITAL 
DEPARTMENT OF ’ATHOLOOY 

Autopay Serial No. 3934 Hospital Registration No. 266430 

C. S. Sex male. Age 56. Nationality Amer. Status married. Occupation ? 

Clinic: G. D. Surgery. Kahn test ■*«: * 

Pathological Diagnosis: Primary medullary carcinoma of urinary bladder with extension 
to pelvic tissues, prostate, wall of rectum. Multiple roetastases to regional 
and peribronchial lymphnodes, mesentery, peritoneum, liver, perinephric tissues 
and pancreas. Diphtheritic cystitis, prostatie urethritis, ureteritis and pyelitis. 
Chronic purulent prostatitis. Bilateral ascending chronic purulent pyelonephritis 
with pyonephrotfc atrophy of tha right. Chronic productiva peritonitis. Serous 
atrophy of all adipose tissues. Cachexia. Purulent bronchitis and fibrinoiurulent 
lobular pneumonia. Emphysema. Active latant syphili B (myocarditis, aortitis, 
orchitis fibrosa, positive post-mortem Kebn reaction). Cardiac hypertrophy with 
terminal right-sldad dilatation. Sube,lcardial folly infiltration and subendocardial 
fatty degenerative lnfiltratioo. Aortic atherosclerosis. Stasis catarrh of gastro¬ 
intestinal tract. Passive congestion and parenchymatous degeneration of all organs. 
Fibroid tubercles in pleura and bronchial nodes. 


I’m. 130 

Autopsy Summary Sheet 


and personal service expense and the continuous inventory in the stockroom. 
These last functions are typical of like operations in any business concern. 
Tabulating equipment has been proved for this type of work and will readily 
adapt itself to the system here when conditions permit the re-organization re¬ 
quired in changing. 
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PART IV 


Miscellaneous Administrative Applications 

CHAPTER III 

University Extension 

By 

E. J. Kendall 

Service Manager, LaSalle Extension University, Chicago, III. 

rp IIP] University which is operated on an international scale, enrolls approx- 
imately 40,000 students each year in its 42 courses. Most of these enrollments 
are on an installment basis of tuition, with prices and terms varying according 
to the course and territory. Enrollments are secured by mail and through 
district registrars and branch offices. 



Fig. 132 


We use an 80-column Hollerith card (Fig. 132), a master card being punched 
immediately on receipt of the enrollment. From this card we make a weekly 
and monthly analysis of our enrollments (Fig. 133). As payments are received, 
they are posted on to the card, which is then immediately reproduced, changing 
the net balance and the previous balance, and leaving the card open from 
columns 63 to 80 for the next posting. The master card is then transferred to 
the “payment made” file where it is made available for statistical analysis of 
realization which is broken down into several divisions. We are, of course, 
vitally interested in preparing analyses on realization by course, by territory, 
by terms of payment, by sales unit and salesman, so that we know at all times 
our ultimate realization expectancy. 
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Fig. 133 


The advantages of this system as compared with the old-time Boston ledger 
carrying ten accounts to a sheet, are as follows: 

The files are always complete at the end of each day. All posting work 
is controlled by a predetermined total. Where it took the equivalent of 100 
hours of labor to draw off a trial balance of approximately 30,000 accounts 
on the old system, we can now obtain the same information in about 6y 2 
hours, including reconciliation of general ledger accounts. 

By dividing the Accounts Receivable into classes, we find a distinct ad¬ 
vantage in the Hollerith Method as compared to the old ledger. Once an 
account was entered in sequence in the old ledger, it could be classified only 
by symbol, which necessitated checking an entire ledger in order to make 
an inventory of any class of account. Now a number punched on the 
Hollerith card in the “class of account’’ column enables us to sort out in a 
very short time all of the accounts of similar classification. This is invalu¬ 
able in keeping records of accounts scheduled as collateral, etc. (See Fig. 
134). 

Inasmuch as the accounts are being constantly weeded out as they become 
paid in full, the files never become overloaded. We have been operating 
with the same amount of equipment, consisting of a filing cabinet of 24 
trays, for eight years, and still have available space for new accounts. The 
old system was an endless array of ledger binders, always becoming more 
dilapidated as time went on, and still never dispensable. 

We have effected a saving of approximately $6,000 per year and obtain in 
addition, any desired number of statistical analyses, as a by-product, without 
added cost. 
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We hope to find the time to apply a system using the Hollerith equipment 
for our lesson record registers and also for our system of billing. Our plans 
in this regard are already well advanced and we look forward to their realiza¬ 
tion in the near future. 
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PART IV 


Miscellaneous Administrative Application 

CHAPTER IV 

A Central Tabulating Department 

By 

Alan D. Meacham 

Instructor in charge, Tabulating Station, University of Michigan 


T HE Tabulating Department of the University of Michigan was established 
primarily for the purpose of instructing students from the Schools of Busi¬ 
ness Administration and Education, and the Departments of Mathematics, Hy¬ 
giene and Public Health, and Sociology in the advantages and technique of 
Punched Card Statistical and Accounting Machines. 

We have a complete set of punching, verifying, and sorting equipment, in 
addition to a set of alphabetical machines. 

Students of the above courses are given a lantern slide lecture showing 
various card forms and machines. This lecture serves as an introduction to 
the actual demonstration which follows in the Tabulating Machine Laboratory. 
Occasionally arrangements are made for showing films, provided by the punched 
card companies, to larger audiences. In this connection tabulating cards (Pig. 
135) are used to automatically count the number of persons expected to attend. 



In the Laboratory the students are given a detailed description of the oper¬ 
ation of each machine and an opportunity to ask questions as to the efficiency 
of punched cards in comparison with hand methods. Frequently students will 
have a personal problem that can well be carried out on punched cards and 
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they are given the advice and help necessary to plan their project most effi¬ 
ciently. They can punch and verify their work themselves, thus avoiding the 
most costly part of the tabulating procedure. The actual sorting and tabu¬ 
lating is done by experienced clerks in the Tabulating Department who are 
on call for this type of work. The student is billed only for the cost of the 
cards and the labor necessary for doing the tabulating. There is no charge 
for machine time. 

In addition to assisting students, the Department will also turn out work 
for any department on the campus which is in need of mechanical tabulation. 
Scores of special studies have been tabulated for a number of different depart¬ 
ments on the campus, among them: 

Bureau of Business Research 

Bureau of Educational Investigations 

Bureau of Educational Reference and Research 

School of Forestry and Conservation 

Bureau of Appointments and Occupational Information 

Office of the Registrar 

Legal Research Institute 

University Health Service 

University Hospital 

Department of Chemical Engineering, etc. 

Many departments turn over to this central station their entire routine 
work. After the data are punched in their own department the cards are sent 
to the Tabulating Department where they are sorted and tabulated. Where 
extensive coding of the original data is required, a special card form (Fig. 136) 
is filled in as an intermediary step to provide operators with a simple record 
from which to punch. This is done either by the central bureau or the respec¬ 
tive departments. 
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Fig. 136 

Each campus department having projects of this kind is charged by the 
Tabulating Department for the material, cost of punching and verifying equip- 
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ment installed in its own department, 
and labor of tabulating. The cost of 
the sorting and tabulating machines is 
paid out of a general appropriation 
made for this express purpose. 

Lastly, the services of this Station 
are at the disposal of any governmental 
department within the State, whether 
state, city or federal. However, out¬ 
side projects must pay the full cost of 
machines in addition to a labor charge 
and service charge. 

Our method of keeping costs is sim¬ 
ple but effective. Bach machine in the 
department has 182 available hours each 
month. There are six machines. Total 
available time for all machines is, there¬ 
fore, 1092 hours per month. (This is 
based on the University week of 42 
hours, 12 months a year.) 

If an operator comes in and works 
for eight hours and during those eight 
hours does 6.0 hours tabulating, 3.0 
hours sorting (while the tabulator is 
running) and 2.0 hours punching, then 
we have 11.0 hours of machine time, 
and 8.0 hours of actual operator time. 
Machine hours are recorded on a card 
(Fig. 137) while operators’ hours are indicated on a small time slip (Fig. 138). 
Once a month tabulating cards (Fig. 139) are punched from the foregoing and 
tabulated to show operator hours by departments, hours by machines and 
machine hours by departments. 

Advice and consultation is given gladly and is entirely gratis for all outside 
work, but for projects other than governmental or educational the Department 
does not care to do anything beyond advising and suggesting possible methods 
to be used. 

A central tabulating installation such as this can be made practically self- 
supporting, but up to the present we have found it more convenient to charge 
only for material and labor on all inter-departmental projects, leaving the 
machine rentals to come from a special appropriation. In this connection one 
of the last financial statements of the department may be of interest (Fig. 140). 
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Fig. 139 

Cost Distribution Card. 


The generosity of the punched card companies in making available their 
literature and help together with other valuable assistance has meant that 
this Department has been able to do a great deal more for the advancement 
of the Art of Punch Hole Statistics than would be otherwise possible. 
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SORTING AND TABULATING STATION 
FINANCIAL STATEMENT 
FOR THE YEAR ENDED JUNE 30th. 1933 


EXPENSES CLASSFIED 


Salaries Clerks and stenographers 1,865.50 
Unclassified service 2,300.00 
Communication service 19.40 
Stationery and Office supplies 296.66 
Publications and Printing 13.00 
Freight, Express and Drayage 130.05 
Equipment repairs 1.25 
General supplies and Rentals 4,395,05 

Total Expense 9,020.91 
Expenditure for Equipment 170.81 


Total Cost of Department 


9,191.72 


Income Classified 


Department Transfers 

Income from Sales and Services 

Other Services (Outside) 

Sales of Supplies 

Material Returned and Rebates 


683.03 

1,497.99 

93.25 

2,306.48 

3,897.72 


Total Credit to Department 


4,580.75 


Net cost of sorting and Tabulating Department 


4,610.97 


FlO. 140 
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PART IV 


Miscellaneous Administrative Applications 

CHAPTER V 

Fraternities 

By 

R. B. Iffert 

Assistant Director of the Bureau of Educational Records and Research, Pittsburgh, Pa. 
Formerly Instructor, University of Pittsburgh 

T HAT fraternities, sororities and other scholastic associations may well emu¬ 
late the example set by progressive university administrations in applying 
the punched card method to many phases of their administrative work has been 
demonstrated by a questionnaire survey recently completed by Phi Delta Kappa, 
a professional education fraternity. This study was carried on at the Uni¬ 
versity of Pittsburgh by a committee of which Dr. Walter B. Jones, National 
Secretary of the fraternity, was chairman. 

Three thousand questionnaires (Pig. 141) were received from members of 
this association representing 42 chapters in five districts. 51 tables based on 
these data were included in the final report of the survey committee. 

Codes had been previously established for all pertinent data, so that the 
coding of the questionnaires which was done by the committee staff was not a 
difficult task. The coded questionnaires were turned over to the local Tabulating 
Service Bureau, which punched a card (Pig. 142) for each one. 

The nature of breakdowns and listings is indicated by the following repre¬ 
sentative table headings: 

A distribution of replies to survey questionnaire by chapters. 

Distribution of membership by age groups. 

Distribution of membership by salary groups. 

A distribution of the salaries received in 1929-30 according to the salaries received in 1932-33, 
to show salary trends. 

Distribution according to number of education organizations to which members belong. 
Annual expenditure for membership fees in professional organizations. 

A distribution of the replies to the question “Do you, consider the annual NATIONAL 
membership fee too high?” according to the district in which membership is held. 

A distribution of the replies to the question “Do you favor the national office as the collect¬ 
ing agency for your annual membership fees?’’ according to the district in which 
chapter membership is held. 

A distribution of the replies to the question “Do you consider the present magazine content 
worthy of and in keeping with the best interests of the fraternity?” according to the 
standing of the members in the fraternity. 

A distribution of 2977 questionnaire replies by standing in the fraternity. 

A distribution of the replies to the question, “Do you consider the annual ACTIVE CHAP¬ 
TER membership fee too high?” according to the status of the members in the fraternity. 
A distribution of the replies to the question “What additional principles do you recognize 
as fundamental Phi Delta Kappa 1 policy?” according to the highest academic degree 
received. 

A distribution of the replies to the question “Do you consider the annual NATIONAL mem¬ 
bership fee too high?” according to salary groups. 

A distribution of the replies to the question “Do you consider the annual ACTIVE CHAP¬ 
TER membership fee too high?” according to salary groups. 
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A distribution of the replies to the question “What returns for your membership fee do 
you value most highly?” according to position held. 

A distribution of the replies to the question “What returns for your membership fee do 
you value as second in importance?” according to the highest academic degree received. 
A distribution of the replies to the question “What returns for your membership fee do you 
value as second in importance?” according to year initiated. 

A summary distribution of the replies to the questions “What returns for your membership 
fee do you value most highly?” and “What returns for your membership fee do you 
value as second in importance?” without regard to position held, highest academic degree 
received, or date of initiation. 

A distribution of the replies to the question “Do you prefer that the magazine be developed 
as more of a ‘house organ’ and less as a professional journal?” according to year 
initiated. 

A distribution of the replies to the question “Do you prefer that the magazine regularly 
devote a section to personals and chapter news?” according to year initiated. 

A distribution of the replies to the question “Do you prefer that the magazine regularly 
devote a section to personals and chapter news?” according to position held. 

A distribution of the replies to the question “Do you consider the present magazine content 
worthy of and in keeping with the best interests of the fraternity?” according to the 
highest academic degree received. 

A distribution of the replies to the question “Do you consider the present magazine content 
worthy of and in keeping with the best interests of the fraternity?” according to posi¬ 
tion held. 

A distribution of the replies to the question “Do you think articles should be more scientific 
in character?” according to year initiated. 

A distribution of the replies to the question “Do you think articles should be more scientific 
in character?” according to the highest academic degree received. 

A distribution of the replies to the question “Do you think articles should be more scientific 
in character?” according to position held. 

The variety of reports serves as an excellent example of the flexibility of 
the punched card method. All of them were prepared from the one set of 
tabulating cards. In a study such as this in which it is important to know not 
only “what is said,” but also “who said it,” the tabulating machine method is 
extremely valuable in compiling the data. 

It is interesting to note that prior to the committee’s decision to utilize the 
tabulating machine method one thousand similar questionnaires had been hand 
tabulated at a cost approximately four times as great as that of the machine 
tabulation. If one considers that this saving was accompanied by a higher 
degree of accuracy and much greater speed than is possible under any manual 
method, the advantage of the Electric Tabulating Machines for work of this 
type becomes even more apparent. 
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It is our belief that any individual or group of individuals responsible for 
circulating a questionnaire, assumes an obligation to those who respond to 
make every possible significant analysis of the responses and to make the results 
available to the respondents. The reputation of the questionnaire might be 
considerably enhanced if more thorough analyses and reports were made of the 
responses. The questionnaire is frequently more objective if the form is 
devised to meet the requirements of the tabulating machine method of com¬ 
piling the report. In other words, questions requiring specific rather than 
general answers will be prepared. This should decrease the difficulty in 
answering the questions and, in turn, increase the percentage of the returns. 
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PART V 


Applications in Psychology and Educational Research 

CHAPTER I 

Questionnaire Construction and Analysis 

By 

Herbert A. Toops 

Professor of Psychology, Ohio State University 

A S in most applications of Hollerith equipment, both in University and else- 
where, it was the demands for speed, accuracy and flexibility in making 
statistical computations which led to our adoption of Hollerith equipment. 
The flexibility of the cable plug board is particularly necessary for intercorrela¬ 
tion computations and it was chiefly this advantage which had the final vote in 
the adoption of Hollerith vs. competing devices, all of which were cai’efully 
investigated previous to the installation of equipment. This investigation was 
perhaps more adequate than ordinarily is the case, in view of the fact that our 
research office has been busy for over ten years devising a computational type 
of statistics into which fit most admirably the possible tabulating machine 
operations, as will be shown in the footnote of a later page. 

Before considering in detail the title assigned it may be worth the while to 
outline briefly some of the activities of our area and their bearing on our use of 
Hollerith equipment. The writer and Dr. Harold A. Edgerton, with assistants 
and stenographers comprise one of the five areas, called statistics and college 
personnel, of the Department of Psychology at Ohio State University. Besides 
the usual teaching duties and 1 the direction of graduate students, the area is 
responsible for the local administration of the university intelligence tests to 
upward of five thousand entrants annually and the researches thereon. For the 
past five years the writer also has been chairman of the departmental com¬ 
mittee on selection of personnel, which has worked out a plan for selection of 
departmental personnel below the rank of assistant professor, with beneficial ef¬ 
fect on the improvement of departmental appointments to the “temporary staff.” 
For the past nine years he has been chairman of the Committee on Intelligence 
Tests for Entrance of the Ohio College Association. Some nine years ago this 
committee began a personnel program in the Ohio Colleges by urging the uni¬ 
form adoption of an intelligence test by the member colleges. Shortly some 
fifty colleges in the state were giving the tests. Finally the number outside 
the state surpassed the number in the state. Soon it was seen that a selection 


177 



program was too narrow a conception of the entrance problem. It was seen 
that a guidance program in the secondary schools was a minimal essential. So 
some five years ago a state-wide testing program of high school seniors was 
begun. With thousands of test scores available where hundreds existed before, 
it became obvious that if we were to be able to derive even a fraction of the 
potential value from the mass of statistics being secured in all these fields some 
more efficient method of utilizing the accumulating results must be found. 

The Hollerith machines were procured by the cooperative rental of a number 
of departments, and accordingly were used almost entirely for research pur¬ 
poses by the personnel of those departments contributing the funds. Graduate 
students were quick to appreciate the possibilities which had appealed to the 
departments, namely relief from routine drudgery of research and the freeing 
of their time for constructive thinking and planning. The Hollerith operator 
for the first year or more was under the supervision of the writer; and hence 
all or practically all large scale research projects of the departments concerned 
were presented to him for suggestions and approval before being set-up for 
Hollerith operation. 

In many cases the results of questionnaires were brought ta the machines 
for analysis. Almost invariably the questionnaire techniques were found to be 
so faulty as not only to make their subsequent analysis much more costly than 
necessary but even ineffectual or impossible. Clearly, then, here was a remediable 
research difficulty. Accordingly, for some little time the writer dropped his 
own researches and worked up his extensive notes of a decade of research with 
questionnaires and positive step scores into book form, in a manuscript entitled 
“Questionnaires, Standard Codes and Hollerith Machines.” Everything 
written on the subject of questionnaires—so far as it could be found—was read, 
and, if found valuable, was incorporated into the techniques described in the 
one thousand page typewritten manuscript. In the course of this our own 
ideas on the subject of questionnaires and Hollerith techniques likewise 
crystallized into a considerable number of new techniques not elsewhere pub¬ 
lished. The researches of the faculty utilizing these techniques improved 
greatly in quality. So did the graduate theses and dissertations of the graduate 
students using the techniques. Aspects of a general research problem, formerly 
of thesis calibre, now could easily be “farmed out” to a graduate student for 
a magazine article. An afternoon’s work or a few afternoons’ work on the 
machines often sufficed to do the routine labor of a graduate research which 
formerly would have been adequate for an M.A. thesis or Ph.D. dissertation. 
Cheeking formulae were developed, by means of which it was possible for a 
research professor to find out in a few minutes time whether a student’s entire 
study was done accurately.* Research findings became available in a short time 
and were based upon enough cases that one could be reasonably sure of the 
validity of the conclusions. For example, a student studying some 2,000 high 


* For example, see, Toops, Herbert A.—Statistical Checks on the Accuracy of Intercorrelation 
Computations. Educational Research Bulletin, Vol. 6„ No. 18, 1927, pp. 385-391. 

The general proposition of checking computations will be treated in the writer’s forthcoming 
“Computational Statistics.” A recalculation of the statistical work reported in the professional 
magazines reveals many errors and not a few of such magnitude as to be distinctly reprehensible. 
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school students repeatedly retested on intelligence tests discovered that an annual 
retest is of sufficient promise in predicting college success to make such retesting 
advisable. For the next autumn’s testing we devised a test which could he 
scored on the printing press and could be used over and over again simply by 
replacing the answer envelope. We then asked the high schools to test not only 
seniors but sophomores and soon we were testing 50,000 annually. All of this 
was accomplished in but little more than a year’s time. 

A very effective high school personnel information blank was devised, and it 
soon became apparent that—with the aid of the machines and the information 
canned-up in the pupils’ Hollerith cards—the schools are a most effective medium 
for carrying on a social survey of a very worth while sort provided the previous 
questionnaire technique be good. The results of the first preliminary tabula¬ 
tions,* for example, when interpreted in the light of the findings from addi¬ 
tional studies, showed some striking facts, notably: 

1. The colleges of Ohio could be recruited twice over from high school grad¬ 
uates who are above 40 centile rank in intelligence (that is, from pupils 
all of whom would rate among the 60 per cent of most intelligent Ohio 
College Association freshmen), provided means could be found to enlist the 
attendance of such pupils. 

2. There are vast inequalities in educational opportunity of high school pupils. 
For example, by coding all the occupations of Ohio (census of 1920) into 
one hundred groups and determining their frequency, it was possible to make 
a good guess as to how many parents of potential-college-going children in 
1929 there were; then by asking the college students (of a given college or 
group of colleges) their parental occupations—as had been done annually 
at Ohio State University for, 10 years—finally it was possible to make a 
rough guess as to the relative “support of higher education” by the several 
occupations or occupational groups.** One occupation on a preliminary 
sampling, was found to have sent, relatively, some 2000 times as many 
students to the state university in ten years as had another. 

3. There is a great need for guidance in the secondary schools. 

4. There are vast intellectual inequalities among the several high schools of the 
state. These tend to accentuate the divergencies of meanings of scholastic 
marks and academic credentials furnished the entrance boards of the colleges. 
In the autumn of 1933, with the invention of a form, of test which has a 

replaceable answer pad, it was made possible for a school to test all of its 
freshmen, sophomores, juniors and seniors on a highly valid two-hour intelli¬ 
gence test for 2 y 2 ^ per pupil tested for fully scored tests. As a result we shall 
have for the year 1933-34 upwards of 100,000 intelligence and personnel in¬ 
formation records on Ohio high school pupils to be punched into Hollerith cards. 


* H. S. Bulletin No. 4—Report on the Annual State-Wide Intelligence Testing Program of 
Seniors, Oct. 7, 1930. Ohio College Association Committee on Intelligence Tests for Entrance, 
Herbert A. Toops, Chairman, Ohio State University, Columbus, 31 pp. 


** The Ohio frequency of an occupation divided by the Ohio State University frequency, roughly 
is an “index of how many Ohio families it takes to send Ohio State University a freshman in a 
ten year period.’* 
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Just one ex am ple o£ the vast potentialities for research of such records 
may be revealed by a certain pair of questions. 

(See Nos. 31 and 32 of Figure 144.) : 

* ‘ Check the proper one of the I am n °t a twin □ 1 

following statements: I am a twin □ 2 

and the name of my twin brother 

or sister is: 

Name of your twin brother or sister. (If 
you have no living twin brother or Bister 
write “none” here.) 

As a result of this question we locate annually several hundred pairs of twins. 
Now to the student of education or of genetics, twins—particularly those of 
equal educational status—are pearls of great price. It is clear then that we 
may readily conduct extensive and worth-while social researches through school 
children and also locate a goodly number of individuals of special character¬ 
istics or experience for further intensive study and experimentation. We can¬ 
not experiment with human beings in many of the most important realms of 
science, but Nature performs experiments innumerable which we may locate, if 
we will, and then study as intensively as we please. 

Everyone, except a few physically incapacitated, goes through the school 
portals at one time or another. The human “specifics” noted there must be 
caught, recorded, and utilized for the improvement of education and for the 
advancement of pure research. 

We need accordingly to collect such “experience” as broadly as we may. 
This argues both for uniformity and extensity of collection of such information. 
The colleges of Ohio each ask a varied list of questions on their application 
blanks. The thought arises, why not combine the good, the valuable, the essen¬ 
tial questions of all the forms—and of other good forms everywhere—into 
one longer application blank; perfect the questions; and then ask every senior 
in the high schools to fill out such a blank, regardless of college intentions? 
Such a uniform entrance blank was tentatively adopted by the Ohio College 
Association at its meeting in the spring of 1934 and it is the hope that a 
Hollerith card based upon the data therein can be punched up hereafter for 
every high school senior. Then by a follow-up: in the Ohio Colleges some 
months (or years) later one may note pretty exactly the effect of each “trait” 
on the probability of college-going, and upon college success, measured both in 
marks and in persistence. 

In the course of these studies it became obvious that we had need for a 
measure of socio-economic status of each pupil. This was secured by analyzing, 
by the partial regression equation method, the significance for income of the 
possession or non-possession, other things being equal, of each of some forty 
family “possessions” in the case of the carefully-and-personally-investigated 
families of 305 successive Columbus-born babies, therefore, a random selection 
of the baby-bearing portion of our population. The resulting questions appear 
as Part III of the “Further Educational Intentions Blank” (page 185). The 
“yes” answer of each question has a different credit or score assigned to it, 
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as does each different house rent figure and each different number of rooms in 
the house—or, in general, it may be stated that each category of answer to 
each question has a different and specific credit of probable-salary-increment 
assigned. By adding up these credits or probable salary increments—obtained 
from asking the pupil such questions as: Is your home heated by a furnace? 
Does it have a bathroom? Does it have a vacuum cleaner?—we arrive finally 
at an index of his family’s income. This estimated income is probably more 
accurate than the pupil’s own estimate even if he were willing to give it. The 
thought was that if a teacher, acting as adviser to a high school pupil, were to 
learn as early as the pupil’s freshman year his intelligence, probable high school 
scholarship and probable college-going intentions and financial possibilities, he 
could begin earlier to plan with the capable but needy pupil a means of making 
college attendance possible, with the hope that perhaps ultimately a national 
scholarship policy might come to prevail. 

In all such problems as the above all the possible intercorrelations of n 
variables need to be computed. This the Hollerith equipment does with un¬ 
believable speed and with checked accuracy.* One of our best records, perhaps, 
was made in a study of the intercorrelations of some 60 variables-—ratings on a 
5-point rating scale of 15 traits rated by high school principal, teacher, minister 
and college alumnus—for some 250 college entrants. There were upwards of 
1800 correlations to be solved, each twice over independently for a check. The 
machine work for these was done in two day’s time. When the work was com¬ 
pleted and the final check was applied, we knew that every single computation 
was correct. By hand methods this job would have taken weeks of work of 
two well-trained clerks. 

In the process of revising and improving the intelligence tests above referred 
to, we conceived each question of a test or examination to be in itself a test, 
with but two scores: a score of zero if the question were answered incorrectly 
and a score of one if answered correctly. Accordingly questions, or items, 
have all the numerical and statistical possibilities of tests. Among 100 items 
of a test, there are, for example, some 4950 possible intercorrelations. By a 
process of multiple punching the Hollerith cards, and using a counting-sorting- 
printer of 3 rolls, some potential 720-man power was attained in determining 
the four-fold frequencies involved in the body—as well as margins—of tables 
similar to the following: 



Item 1 

Fail 

Pass 

Total 


Pass 

29 

89 

118 

s 

Fail 

63 

14 

77 






t-i 


92 

103 

195 


With a larger number, than 195, of persons tested, so that the actual attain¬ 
ment in the use of the machines would approximate closely the theoretical pos- 

♦ Toops, Herbert A.—Questionnaires, Standard Codes and Hollerith Machines. Chapter 11, 
“Special Applications of Hollerith Equipment” to be published soon. 
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sible attainment, to run such an outfit for one day would) be the equivalent of 
having a clerk make tally marks in tables such as the above for two years with¬ 
out holidays, vacations or Sunday rest periods. And, if the amount of work 
justified, there is no essential reason why one should not employ eighty counting¬ 
printing rolls, instead of three, with the result that one day’s operation of the 
outfit would yield more than a life’s labor of a clerk even though he outlived 
the traditional three score and ten years and never asked for even a single half¬ 
day’s holiday. Such speculations are so stimulating that we became interested 
in determining what is the upper limit of capacity of a single Hollerith card 
for research purposes. 

It had been known for some time, for example, that most statistical variables 
can be coded into not less than twelve classes without appreciable distortion of 
the facts; and that the face values (point midway between the two extremes 
of a statistical class) of these classes may then be coded in a series of positive 
coded steps, thus:* 

TRANSMUTATION TABLE 


x F 

X' 

Class 

Coded ! 

60-62 

0 

63-65 

1 

66-68 

2 

69-71 

3 

72-74 

4 

75-77 

5 

78-80 

6 

81-83 

7 

84-86 

8 

87-89 

9 

90-92 

10 

93-95 

11 

96-98 

12 

99-101 

13 


* For such a table it is readily possible to obtain a formula stating the face-values of the classes 
Xf’s as a function of the step-scores, X”s. The equation for the above table, for example is: 

Xf=3X'+61 

Thus step 7, by reference to the classes above, is seen to have the face-value 82 and by formula 
3(7)+61=82; and step 10 the face-value 91. the computation being: 3 (10)+61=91, or a one-to-one 
correspondence between step-scores and face-values of the corresponding classes. Having this equa¬ 
tion, it is possible to 1 derive to order equations for means and standard deviations, for example, 
involving these X' scores, the scores preferably to be punched into a Hollerith card for intercorre¬ 
lation solving purposes, and then from the resulting Hollerith summations and computations deter¬ 
mine the corresponding (corrected) means, standard deviations, and the like. 

If the lowest score of each class of the above table is a multiple of the class interval, as here, 
where the class interval is 3, one may readily transmute the crude scores to step-scores for 
Hollerith punching by a mental rule: e.g., “Divide the score by 3; throw away any decimals 
resulting; subtract 20 from the result. The final remainder is X', the transmuted score.” Thus, 
to transmute 80 : 80/3 = 26, and 26 — 20 = 6. The same result, of course, may be had by referring 
to the transmutation table; where a score of 80 is seen to be a coded score of 6. After verification 
the transmuted score, 6, may be punched into the Hollerith card In lieu of the original score, 80. 
The thus-coded scores yield the same means, standard deviations, and the like as the original scores 
do when grouped by the classes of the above table. 

The equations, when employed for statistical purposes, give one a command over the Hollerith 
operations that is well-nigh perfect. It is to such equations that reference has been made in the 
opening paragraph of this chapter. All of the customary formulae commonly used in psychological 
testing and in personnel and educational research work will be treated from this positive step, or 
transmuted score, basis, or viewpoint, In the author’s forthcoming text entitled “Computational 
Statistics.” 
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By a further coding of the once-coded steps it is possible to recode and 
punch all coded scores, 0 to 15, inclusive, into a series of four successive 
multiple-punched positions of a column of the Hollerith card.* It is clear, 
then, that three variables, each of practically unlimited extent as to original 
scores involved , may be punched by this multiple-coding scheme into one 
column (12 positions) of the card; and that, consequently, some 240 many- 
categoried variables belonging to any one individual may be punched into an 
80-column Hollerith card. 

This application is based upon the concept that any score or coded score, 
X', can be expressed as: 

X'=a2°-fb2 1 +c2 2 +d2 3 -f. 

where a, b, c, and d are each limited to two values, 0 and 1. Thus an X' of 
13 can be represented as: 

X'=l-2 # -f0-2 1 -fl.2 2 +1.2 s =l-f-0+4+8. 

Accordingly, with the formula available, all the usual statistical formulae in¬ 
volving coded scores (X'’s) may be rederived in terms of this new concept. 

By this method all correlation tables degenerate into four-fold by four-fold 
contingency tables. The saving in time in the solution of the correlation co¬ 
efficients, means, and standard deviations, well may be imagined. And since 
this table of only 16 compartments is based on powers of 2, the computations 
are still further simplified. 

The above is mentioned to emphasize the point that Hollerith equipment 
has a very beneficial effect upon the thinking of a research worker. Specifi¬ 
cally, the machines act mechanically, blindly, and unintelligently—although 
with an accuracy, speed, and seeming intelligence for those operations for 
which they are set, which, to the casual observer, appears superhuman, as in¬ 
deed it is in fact. Accordingly all possible complications and all contingencies 
in the treatment of the data must be foreseen and be provided for, preferably 
even before the printing of the first questionnaire of an investigation. One 
must decide in advance of printing his questionnaires what tables he is going 
to compile, which are necessary and which unnecessary, what to do with the 
answers to individual questions of those persons who “do not answer”; what 
to do with those answers of persons to a particular question for whom some 
special consideration applies so that they are “unable to reply” —as, for ex¬ 
ample, a student’s father is dead so that he cannot give his age (see question 
22 of Pig. 144, page 185; what classifications are appropriate for each vari¬ 
able ; and what provision needs to be made for precoded categories on the ques¬ 
tionnaire (see questions 9 and 10) to be checked by the respondent. The 
necessity of planning for all such has, then, a very beneficial effect upon the 
thinking of the research worker by expanding his horizon as to the possibilities 
of analysis, for it is axiomatic that any analysis capable of being done from a 
punched card can be done very readily and almost effortlessly with the various 
general and specialized machines now available if the Hollerith card be de- 


* Eoyer, Elmer B.. and Toopa, Herbert A.—The Statistics of Geometrically Coded Scores. 
Journal of the American Statistical Association, Vol. 28, No. 182, 1933, pp. 192-198. 

183 




STATEMENT OF FURTHER EDUCATIONAL INTENTIONS 

Directions for filling out this page: Serial Number I 

on Intelligence * 

Test Blank 


Please answer carefully every question below. 
This will form a portion of your permanent school 
records, so please write legibly. The examiner will 
read the questions. Follow the examiner; write in 
your answer as soon as the examiner finishes read¬ 
ing the question; do not get behind, or go ahead of, 
the examiner. Do not leave any question blank; 
every question must have some answer written in. 
Please write legibly. 

Please notice that you are to copy exactly each 
of your answers at the right of the perforation. 
The right hand portion will be torn off later, so 
be sure to copy your answers- exactly, and do not 
write across the perforation. 

Time required: Approximately 12 minutes. 


1; High School Identification Number 
(Tfc* examiner will dictate thl9 number 
for copying by all.) 


2. The Name and Address of my high school is 


Intelligence Test Form___—. 

r-=— ■ — ■ - Centile 


Test 

No. Right 

1 


2 


3 


Sum 



3. My Class Rank Is 


abcdefghijklmnopqrstuvwxyz 


4. My Last or Family Name Is 
Print all letters In capitals. 
See alphabet above. 

'5. My First and Middle Names are 
Print all letters In capitals. See 
alphabet above. 

6. My permanent home address is 
Address where mall will always 
reach you 

7. Check “X” the appropriate one of the two fol¬ 
lowing statements i 
(Include only phones In the house In which you live.) 


1933-34 L- 

II] 

H. S. No. 


which High State In which High 
located School Is located 

Check "X" the Proper Class 

Freshman 09 
Sophomore 00 
Junior 01 
Senior 02 
Graduate 03 
Special 04 
_ tie] 


My last or Family Name 


County State- 

Our home does not have a telephone □! 
Our home does have a telephone 02 


8. Our Home Telephone iB 


. My high school course or curriculum la 
you don't know, ask the examiner for help.) 


PART II. Questions About Myself 
and My Family 


10. My Sex and Color are 


11. Marital condition! I am 

12. My ancestry la chiefly 
13. I 

14. If a church member, the church to which I 
belong is 

15. The date of my birth is 
16. My age at ray last birthday was 
17. My birthplace is 

18. The country in which I was bom is 

19. The country in which my father was born is 

20. The country in which my mother was born is 


Borne phone number. If you have no phone 
at home, write "No Phone" (l) here. 

Check "X" the proper curriculum 

General Academic 01 
College Preparatory 02 
[27] Commercial 03 

Technical 04 
Vocational Agriculture 05 
Vocational Home Economics QG 
Check "X" the proper combination of sex and 
color. (Check only one of the ten combinations.) 


female-white' 00 
female-black 01 
(negro) 

female-brown 0* 
female-red QS 
(Indian) 

female-yellow 04 
(Chlnese-Japanese) 


male-white 05 

male-black 06 

(negro) 

male-brown 07 

male-red 08 

(Indian) 

male-yellow 09 

(Chlnese-Japanese) 
[28] 

Single 01 
Married 02 
Widowed 03 
Separated 04 
Divorced 05 
[29] 


German, Italian. Jewish, Russian, etc. | 
...a member of a church! 


Name of denomination to which you belong] 

(If not a member, write "not a member" (99) 1 I 
here.) 180-81] 


Age at last birthday. 
Birthplace: city. County. State 


By Birthplace: Name of Country 


Father’s Birthplace: Name of Country 


Mother’s Birthplace: Name of Country 


Serial Number 1““^“ 
on Intelligence 

Test Blank . 

After answering on the line to the left of the 
perforation, copy exactly your previous an¬ 
swer in the corresponding spaces to the right 
of the perforation. 


Intelligence Test Form... 
| Test | No. Right | 


1933-34 L- 

[i] 

H. S. No. 


Check “X” the Proper Class 

Freshman 0Jk 
Sophomore 00 
Junior 01 
Senior 02 
Graduate 03 
Special 04 
116] 


My last or Family Name I | 

Mv F&siName “ ~My MiddUName ~ 1-.]. 

[11-24-25] 


..County. " State 

Our home does not have a telephone 01 
Our home does have a telephone 02 


Home phone number. If you have no phone 
at home, write “No Phone" (1) here. 

Check “X" the proper curriculum 

General Academic 01 
College Preparatory 02- 
[27] Commercial 03. 

Technical 04 
Vocational Agriculture 05 
Vocational Home Economics 06 • 
Check "X” the proper combination of sex and 
color. (Check only one of the ten combinations.) 

female-white 00 male-white 05 

female-black 01 male-black QO • 


female-black 01 

(negro) 

female-brown 02 
female-red 08 

(Indian) 

female-yellow 04 
(Chlnese-Japanese) 


male-black 04 • 

(negro) 

male-brown 07 

male-red 08 

(Indian) 

male-yellow 0» 

(Chlnese-Japanese) 
[28] 

Single 01 
Married 02 
Widowed 03 
Separated 04 
Divorced 05 

[29) 


German, Italian, Jewish, .Russian, etc. 
.a member of a churcl 


Name of denomination to which yon belong] I 
(If not a member, write “not a member” (99) 1 1 

here.) [80-11] 


Age at last birthday. 
Birthplace: City, County, State 
My Birthplace: Name of Country 


ear in which 


Father's Birthplace: Name of Country 


Mother's Birthplace: Name of Country 


Fig. 143—Front 
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N? 65381 


. The occupation, trade or business of my father 


Father's Occupation: Former. Carpenter, etc.'[39-40] 
<lf he is dead or retired, give his former oc¬ 
cupation.) 

22. and he is ....years of age £41-421 

(If you don't know, estimate it, and put a 
"?•• after it. If your father is dead, write. ,, . 

"dead” here.) I I 


. The occupation, trade or business of my mother 


. The occupation, trade or business which / ex¬ 
pect to. go into for a life work is 


Mother's Occupation: Housewife. Stenogra- [43-44] 
pher. Nurse, etc. (If she is dead or retired, 
give her former occupation.) 

.. ....years of age £45-401 

(If you don't know, estimate it. and put a 
*•?** after it. If your mother is dead, write 
“dead" here.) ' 

decided on 

....my occupation , 

"Have not" or "have" or life work | 


Father's Occupation: Farmer, Carpenter, etc. 138-40 
(if-he Is dead or retired, give his former oc¬ 
cupation.) 

.years of age [41-421 

(If you don't know, estimate it, and put a 
"?” after it. If your father Is dead, — 

“dead” here.) 

Stenogra-[43-44 


Name of your eXPecTed occupation, trade or M 
business. (If you have not decided, write 
"H^ve not decided" here.) _ 

27. I have .living, older brothers I ^ 

Give No. of older brothers, or write "none.' 1 ! 


Mother's Occupation: Housewife, Stenogra- [43-44] 
pher. Nurse, etc. (If 9lie is dead or retired, 
give her former occupation.) 

....years of age 

(If you don't know, estimate it. and put a 
after it. If your mother is dead, write 
"dead" here.) 

decided on 

....my occupation 

"Have not" or "have" or life work I I 


Name of your expected occupation, trade orl‘ 
business. (If you have not decided, write 
"Have not decided" here.) _ 

..living older brothers] 

Give No. of older brothers, or write "none." 


29. I have .-...living younger brothers 

Give No, Of younger brothers, or write "none." 

30. I have .living younger sisters 

Give No. of younger sisters or write “none." _ 


. Check the proper one of the following state¬ 
ments: 

. and the name of my twin brother or sister is 

. I am writing here the names and class ranks 
(freshmen, sophomore, etc.) of any brothers or 
sisters now attending high school. 


I am not a twin Q1 
I am a twin Q2 
istl 

Name of y<jur twin brother or sister. (If you 
have no living twin brother or sister, write. . • . 

"none" here) 


Nances and class ranks of all brothers or sis- (3-1 
ters attending high school. Example: Mary 
Jane Jones. "6enior." (If you have none in 
high school, write "none" here.) 


...expect to go to college! 


. and the college which probably I will attend is ..I 

. If an average four-year university course costs Name of college or university which probably l. 

•„ you will attend. (If you do not intend to go, [33-54) 

$2900, is your family financially able to bear wrltc -Will not go" (80) here.) 
the cost of such a course for you? (Note: This _____ 

is about $625 per year for each of four sue- ...i Css) I 


cessive years.) 

. If an average four-year university course costs 
$2500, is your family willing to bear the entire 
cost of such a course for you? 


Answer "No" or "yes” 


PART III. Questions About My Home ' - 

38. My folks . ••-■•r ;; - our home 

3 "rent” or "own" —— 

39. The house rent on our home is .....—dollars a month 

Monthly rent. If your folks own your home, 
write "own our home" here and Ir you know 
how much a month it would rent for, please 

give that too. - 

40. Our home has .. rooms in it ——— 

Give the number of rooms In your home. Count l 7 ! 
bathroom as a room but do not count a hall, 
basement or attic as a room. _ 

41. Our home ..heated by a furnace 

"Is not" or "la" 


. 7 .living younger brothers 

Give No. of younger brothers, or write "none." 

.!.living younger sisters 

Give N*>. of younger sisters or write "none."_ 

I am not a twin Q1 
I am a twin Q2 
(3IJ 

Name of your twin brother or sister. (If you 

have no living twin brother or sister, write- 

"none" here) j 


Names and class ranks of all brothers or sis- 1321 
ters attending high school. Example: Mary 
Jane Jones. "Senior." (If you have none in 
high school, write "none” here.) 


Name of college or university which probablyl 
you will attend. (If you do not intend to go, 
write "Will not go" (88) here.) 


jllegel-T 

abablyL_I 

to go, [32-34] 



135] 

Answer 

"No" or 

"Yes" | 


Answer 

"No" or 

"Yes" 



.our home 

"rent" or "own” 

..dollars a month 

Monthly rent. If your folks own your home, 
write "own our home" here and If you know 
how much a month it would rent for, please 
give that too. 1 

. rooms In it - 

Give the number of rooms in your home. Count 


...heated by a furnace 


43. Our family hires about .—.days of housework | i 

done every week] I 

Give number of days of housework hired]_] 

every week; or write "none." [io] 


44- The family washing is usually done .., 

"at home" (I) or "at a laundry" or "at a 
washerwoman's" (2) 

45. The family ironing is usually done ...— r , 0 , 

"at home” (I) or "at laundry" or “at washer- 
woman's" (2) 

46. Our family ...have an electric or gas- [u] 

“does not” (l) or oline washing machine 
"does" (2) 

47. Our family .have a vacuum cleaner £i4J 

"does not" (I) or "does" (2) 

48. Our family ....have a radio I Us) I 

"does not” (1) or ''does" (2) 1 | 

49. and I listen-in about .....hours ever week I | 

Give number of hours weekly or write “none" ! j 

. During the last seven days I went to the movies ....times 


....times 

Give number of times you attended the movies 
in the last seven days; or write "none." 


81. Today’s date Is _____ 

Month Day Year 

52. My signature ...._...____•„ 

REMAIN QUIETLY IN YOUR SEAT UNTIL THE EXAMINER GIVES YOU FURTHER DIRECTIONS 


.........days of housework' i i 

done every week] 

Give number of days of housework hired! _ J 

every week; or write “none," [ioj 

“at home" (1) or “at a laundry" or “at a ^**1 • 
washerwoman’s" (2) 


.-.......have an electric or gas- [13J 

"does not" (i) or oline washing machine 
"does" (2) 6 

. .:—.have a vacuum cleaner [Ml 

"does hot” (1) or “does" (3) 

....have a radio f US] I 

"does not" (1) or "does” (2) | | 

........hours ever week I I 

Give number of hours weekly or write "none" ! j 

---times 

-Give number of times you attended the movies 
. In the last seven days; or write “none.*’ 


DO HOT. TEAR OFF THIS STUB 


Fig. 144—Reverse (Tumble printed) 
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signed with the particular analysis in view. It therefore follows that whatever 
is good technique for machine analysis will be even more efficient technique 
when hand methods of tabulation are employed. Paradoxically, then, training 
in tabulating-machine techniques is one of the best for acquiring research 
competence for work in a research bureau where these machines are not 
available. 

As an example of our questionnaire technique and accompanying Hollerith 
card, we present Figs. 143 to 145 incl. 

The Further Educational Intentions Questionnaire has been filled out in 
1933-34 by upwards of 100,000 high-school pupils in one thousand high schools 
under the supervision of as many teachers; and yet almost every blank is 
filled out perfectly. Note how footnotes anticipate all the unusual classes 
of pupils and tell each such pupil specifically what to do at the very time he 
wants to know; how a positive response is required to every question even 
though the pupil’s reply be negative in intent—with the result that there is 
no guessing on the part of the card puncher as to what any pupil meant by his 
reply to any question; how the answers align in a column so that no question 
is overlooked by the pupil in writing out his answers; how the answers are 
precoded, wherever the possible list of answers is few in number, with little 
code numbers to assist the memory of the Hollerith puncher when punching 
the data, so that memorization of codes is unnecessary; how bold-faced boxes 
are provided for recording by a coder the coded score for multiple-category 
answers such as religion, occupation, and college of expected attendance—an 
expert in coding the answers in any one field of coding, e.g. occupations, be¬ 
ing employed to score all papers on any one such question previous to punch¬ 
ing; how, when there are cross-check questions involved in a coded score, these 
boxes extend the height of the two or three questions bearing on the score 
in question; how the Hollerith card columns into which a given item of in¬ 
formation is to be punched is indicated on the blank (in brackets) after each 
answer space, thus facilitating both the punching and the visual inspection or 
checking of any punched card against the original data medium; and how each 


186 
































answer is filled out in duplicate by the pupil so that, after severing the stub 
at the perforation the original questions and answers may be left at the school, 
while the stub containing the simple answers themselves—involving, therefore, 
a much smaller transportation and storage problem—are sent to central head¬ 
quarters for punching and can be held readily in the left hand for this purpose. 

The accompanying Hollerith card, it will be noted, provides for recording 
not only all this information but also intelligence-test scores and many addi¬ 
tional college follow-up data. Prom such cards, if filled out annually for all 
of 300,000 high-school pupils of the state as they pass through high school and 
college, one could secure a most adequate picture of the future adult talent 
of our state. 

A Pre-Coded State Teachers Report 

This same possibility of doing-the-whole-job is illustrated in a study by 
similar questionnaire and specially printed Hollerith card of the 46,000 teachers 
of the state. See Figs. 146 to 148. The precoded questionnaire replaced the 
customary teacher’s annual report to the state superintendent of schools. It 
asked a dozen more questions than ordinarily are asked of the teachers. 
Accordingly, it furnished data for making a great host of studies. As one 
very concrete example of the usefulness of collecting all the data at one time, 
this questionnaire forestalled at least two lengthy questionnaires which were 
being prepared for distribution to the teaching profession of the state. The 
information desired by these people was contained in the punched Hollerith 
cards—and much more besides, if they should discover that additional enlight¬ 
enment on their problem could be had by an extra tabulation or two of items 
which they had not contemplated including in their questionnaires. 

The questionnaire was written in a terrific hurry—as unfortunately are too 
many questionnaires—so that several technical errors crept in, which we now 
know should have been avoided. We could certainly build a better question¬ 
naire now. However, there are a number of points worthy of special mention, 
perhaps: 

1. The questionnaire was printed from an electrotype so that in case of short¬ 
age it could be duplicated quickly and absolutely correctly. 

2. The Hollerith card, into which the returned data were to be punched was 
designed before the questionnaire was set up in type. Accordingly, the 
codes for punching the returns were printed on the questionnaire (saving 
enormous coding bills aS well as errors in punching) together with the 
column numbers of the Hollerith cards into which a given reply was to be 
punched. 

3. The routing of the blank, the definitions of persons obligated to reply, the 
period covered, are all carefully given in the questionnaire. 

4. The questionnaire was printed on four pages with fold at the top so that it 
could be inserted readily in the typewriter for answering. 
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Fig. 146 
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Fig. 147 















































5. A meaningful number was allotted to eacb school of the state. This was 
made up of 

5.1 An initial digit (Col. 2 of Hollerith card), the kind of school, defined 
as follows: 

Column 

Position 

1 City School 

2 County (rural) School 

3 Exempted Village School 

5.2 Two digits giving the system number of the school (Columns 3 and 4 
of the Hollerith card). This provided for 100 (since 00 can be utilized) 
different city systems; 100 county systems [There are 88 counties in 
Ohio]; and 100 different exempted village systems [There are 55 
exempted villages in Ohio], 

5.3 Three digits allotted to individual school number within each system 
(Columns 5-7 of the Hollerith card) thus providing for a maximum 
of 1,000 schools in any given city, county or exempted village. 

Thus at practically no cost in columns on the card we have a number for 
each of many thousands of schools, and one which enables us to tell from 
the serial number the kind of school and its location. 

If repeating this, we should send these serial numbers in a mimeographed 
list to each school and ask each teacher to copy the appropriate serial num¬ 
ber of her school on her questionnaire. 

The school serial number being common to all the reports of a given 
building, the correct serial number—and also the year of the report, June 
of 1930 (or zero)—was punched into Hollerith key cards, in advance of the 
arrival of the returned reports, and then were duplicated by the dupli¬ 
cating punch into the Hollerith cards of all teachers of a given school. 

These cards, when the principal’s name and address were typed thereon, 
serve also as an address file of the schools, in all communications with the 
schools in question. 

6. A meaningful code number for each teacher was also established. This 
consisted of: 

6.1 Three digits (Columns 8-10) comprising an exact coding of the first 
two letters of the teacher’s last name. 

6.2 Three digits (Columns 11-13) comprising an exact coding of the second 
two letters of the teacher’s last name. 

6.3 Three digits (Columns 14-16) comprising an exact coding of the 
teacher’s initials. 
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The above enabled ns at short notice substantially to alphabetize the 
entire list of cards by sorter, at a mere fraction of the cost of hand alpha¬ 
betizing. 

6.4 One digit (Column 17) of sex and color, compounded thus: 

Column 

Position 

1 male—white 

2 male—colored 

3 female—white 

4 female—colored 

6.5 Two digits (Columns 18-19) for month of birth. 

6.6 Two digits (Columns 20-21) for day of birth. 

6.7 Two digits (Columns 22-23) for year of birth. 

6.8 One digit (Column 24) for the teacher’s nativity. 

Without appreciable extra cost in Hollerith card space each teacher of 
46,000 teachers thus was uniquely coded. Upon repetition, this teacher’s code 
number could be shortened appreciably and yet possess all the statistical 
properties of the present lengthy number. 

7. The method of obtaining a distribution of the teacher’s time allocated to 
teaching, supervision, administration and miscellaneous duties, in question 
11, is worthy of notice. 

The number of different kinds (school types) of teaching position of the 
teacher is punched into column 26 of the Hollerith card; and into column 
27, the number of different kinds (school types) of supervisory position. 
The types a to i are given code numbers 1 to 9 and become the digits punched 
in columns 26 and 27 according to the “vote” recorded. In columns 28-43 
of the Hollerith card will be punched the data of question 11 (type of 
school and per cent in each) insofar as the first two teaching and first two 
supervisory positions are concerned. 

It will be noted that salary is punched in columns 58-61 of the card. 
By employing the principle of digiting it will be possible readily to estimate 
closely what proportion of Ohio’s annual educational salary bill is allocated 
to teaching and to supervision in the nine different types of school (a to i) 
without the intermediate step of apportioning the salary of each teacher to 
the several kinds of school and to teaching as versus supervision. The ques¬ 
tion errs in assuming that all define teaching, supervision, administration 
and miscellaneous, in like manner. Note the use of explicit definitions— 
what to do if you teach only, or supervise only, or do not teach, or do not 
supervise; also the checking features—particularly printed “100” and use 
of single and double asterisks, and their corresponding footnotes. This is 
about as complicated a two-way table as one can hope to have teachers fill 
out successfully without personal, and verbal, guidance and supervision. 
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8. The Hollerith card provides for punching six teaching subjects taught by 
the teacher. These are precoded at question 13, thus saving an enormous 
coding bill. The same codes are employed for major and minor subjects 
of training (question 28) so that a two-way frequency table (contingency 
table) of Question 28 (X) against Question 13 (Y) will reveal at a glance 
all cases of misplacement of teachers—those trained for one subject but 
teaching another—for all these will be frequencies occurring in other than 
the diagonal row of the table. 

9. Question 17, punched in columns 63-64, when taken in connection with Ques¬ 
tion 14, enables one to note the promotions, by $100 intervals, occurring 
since last year. In obtaining this by tabulation, one first orders the cards 
by the first two digits of present salary (minor control) (Columns 58-59 in 
tabulating) and then by last year’s salary (Columns 63-64, major control 
in tabulating). The tabulating machine then records the number of all 
actually-occurring combinations of salaries thus: 


Last year’s (1929) 
salary in 100’s 
(Major control) 

This year’s (1930) 
salary in 100’s 
(Minor control) 

No. of 

Persons 

Major 

Total 

28 

32 

3 


28 

31 

8 


28 

30 

130 


28 

29 

160 


28 

28 

250 


28 

27 

15* 


28 

26 

2* 

568 

27 

31 — 

5 


27 

30 

14 


27 

29 

162 


27 

28 

185 


27 

27 

242 


27 

26 

3* 

611 

26 

32 — 

I 



The record shows three persons promoted from 2800-2899 salaries to 
3200-3299 salaries, or a promotion of $400; eight with promotions of 28 to 
31; and, later, 15 of demotions 28 to 27; 2 of demotions 28 to 26; and a 
total of 568 receivers, last year, of $2800-2899 salary. 

The variety of insight into Ohio’s teaching population rendered pos¬ 
sible through the punched and verified Hollerith cards, can only be realized 
when it is remembered that at the rate of 24,000 cards per hour per trait, 

* Starred frequencies connote demotions, or more probably salary cuts. 
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the cards may be sorted in any way desired, e.g. to obtain the cards of the 
male-white teachers of Latin of five but less than ten years experience in 
their present school positions, who have college M. A. degrees or equivalent; 
and that thereupon from these specially selected cards two-way tables of 
every variable paired in turn with every other variable (several hundred 
possibilities) can be constructed at the rate of some 9,000 cards (tally marks) 
per hour on the tabulator. 

To the extent that all the possible questions are asked of teachers, this 
one annual report renders ineffective any demand for special questionnaires 
to be addressed to the teachers. Within the limitations of the question¬ 
naire, these are the facts about the teachers of Ohio as to sex, color, age, 
salary, promotions, training, subjects taught, effectiveness of use of special 
training, kinds of certificates,—or any possible simple or complicated com¬ 
bination of these. 

By such means the executive head of a state school system may determine 
exactly the service, salaries, tenure, turnover, and adequacy of placement of 
the teaching force of a state and so be in a position to correct, by specific rec¬ 
ommendations, the local deficiencies noted; and, by long-term instruction, propa¬ 
ganda, and legislation, the more generally distributed inefficiencies. Many 
teachers, for example, who majored in English in college are found to be 
teaching social science or mathematics, and vice versa. By such analyses the 
raw material of the colleges may be bettered, because the placement, training 
on the job, and happiness of the teachers of future college-going high-school 
pupils by such means will have been bettered. 

This same principle of getting-all-the-facts is exemplified in our uniform 
college-entrance blank referred to above. In such a study one proceeds to 
determine all the desirable questions by a searching and thorough investigation; 
asks them uniformly of all the actual and potential applicants irrespective of 
college-going intention and irrespective of specific college choice; punches the 
results into Hollerith cards; analyzes the results; and comes finally, in all 
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probability, to a conclusion of a need for a startling change of policy. By 
such means the raw material of the colleges likewise will be bettered because 
those coming to college will be more capable, better fitted for college work, 
better motivated, surer of their occupational choices and colleges selected. 

Finally the well-instructed, well-guided pupils come to college. Here, ac¬ 
cording to the prevailing philosophy of progressive education, the student’s 
individuality counts. Accordingly we have projected an individual student 
perpetual personnel inventory Hollerith card to be punched up for every stu¬ 
dent-course-enrollment, some 50,000 each semester for a university of 10,000 
students. In brief, this card will contain four classed of information: 

1. The raw materials of educational production—the student’s traits; his in¬ 
telligence, transmuted high-school scholarship, scholastic tests, and aptitude 
measures, such as mechanical ability, social intelligence, socio-economic index, 
and high-school activities index or indices. 

2. The educational environment provided for or chosen by the student—the 
course enrolled in, its credit, the rank, training and experience of the in¬ 
structor (embodied in a meaningful instructor’s code number*), the floor, 
room, building, hour of day, and other-to-be-discovered useful indices of 
the educational environment provided. 

3. The educational results —a series of indices (not generally or only the 
present grades and marks) of the student’s scholastic attainments in such 
sub-divided aspects of college success as thinking ability, technical vocabu¬ 
lary, information, ability to apply principles to concrete problems, and ability 
to infer social implications or consequences. Scholastic success is not uni¬ 
tary; and we shall need to construct such indices as the above if we are 
truly to represent the real success of the student, for, obviously, he may 
succeed in any one of these while utterly failing in another. “Success is a 
profile rather than a single index” say all progressive modern educators. 
Persistence data also will be an important part of this class of data. 

4. Educational individual costs of the student’s attendance upon the course. 
This will involve a one-step-further breakdown of the university costs, the 
allocation of costs to courses instead of to departments only as at present 
(see footnote, page 195). Then as a first approximation we may allocate to 
each student of a course 1/nth of the cost of the course; i.e. l/40th of the cost 
of a course of 40 students; l/16th of the cost of a course of 16 students. 
From the resulting cards, once the system has been in effect for a few 

years, on short notice one will be able to extract almost any desired informa¬ 
tion about all or any part of the student body, typified by such questions as: 


* A thoroughly meaningful code number Is a series of variables, each useful to an administra¬ 
tive officer to know for itself, yielding sufficiently differentiating numbers that all persons, for 
example, receiving such code numbers are differentiated from every other by the property of 
possessing a different or unique number. As an example, the meaningful code number 1096032714 
might be interpreted as a “male" (1). who is 96 in intelligence (096), born on March (03) the 
27th (27) of 1914 (14). There are in general two statistical requirements of the variables to be 
chosen : Low correlation—ideally zero—among the “traits" employed and a great many categories 
in each variable, e.g. 100 in intelligence and 12 months and 30 days or 360 days in the year. 
In the example cited, we are able to write the same code number in several less digits than have 
nere been employed. For populations below a certain minimum in size—to be determined em¬ 
pirically and verified theoretically, no two persons are likely to get the same coded meaningful 
identification number. 
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How many students of each degree of intelligence remain to the end of 
the sophomore year? 

What was the scholarship of those graduating in exactly four years time? 

What is the validity of our intelligence tests in all the' specific courses of 
the university? 

How many and what students are retarded? 

How many female students took Psychology 401 at 8 o’clock last year? 

What was the extent of the utilization of each class-room at each hour of 
the day last year? The year before last? And the year before that? 

What is the money cost of this (specified amount and kind) instruction? 

What was the cost of reteaching failing students last year? 

How many class-hours of instruction of students of “superior intelligence” 
did each instructor do last year? The previous year? And the year before that? 

Which is cheaper, method A (environment A) or method B (environment 
B), with students of each of the several types (raw traits) in order to secure 
a particular educational result, e.g. thinking power? 

A surprisingly small number of well-chosen items of statistical information 
regarding each course-enrollment will thus lead to a degree of potential control 
over the educational business now seldom visualized, not to mention hoped for 
as “an attainable good” procurable short of super-human effort. By such 
means university policies—like those of a certain few industral businesses—in 
time may come to be determined mainly by fact rather than by opinion and 
heated discussion. 

Thus, in common with Buckingham,** we may assert that statistical think¬ 
ing, about education, is a new and most powerful mode of thinking. 

In connection with the above we mentioned transmuted marks. The prob¬ 
lem here is that of rendering comparable the marks of college applicants from 
high schools widely scattered over the state. Many different marking systems 
are reported to exist; many more than are reported actually do exist. The 


* The cost of any individual’s instruction, like that of any unit of production in a large fac¬ 
tory, is an idealization only. Depending on the purpose at issue one may employ either a crude 
approximation or finer and finer indices as befits the need of the moment and the prospective needs 
of the future. The principle is that one should include in the cost of a course, and in the cost of 
an individual’s course, whatever differential cost components will yield the most educationally 


enlightening cost figures. , 

On the one hand we might make the simple, but nevertheless very crude assumption—possibly 
accurate enough for many Durnoses. but certainly not for all—that every student-teaching-hour 
within a department, regardless of courses, costs the same, namely 1/nth of the cost of the 
department, where n is the total student-teaching-hours of the department. In a large university 
with more than three score departments, these costs will vary considerably, reflecting the general 
trend of instructional equipment and other costs which undoubtedly vary widely from department 
to department. A very simple use of the Hollerith multiplying punch, using a constant depart¬ 
mental multiplier of costs and the variable, student hours, as multiplicand would be ample to 
secure the student individual cost figure in this case. 

At the other extreme we have a course-cost which reflects adequately the differential cost ot 
each course as duo to differential salary cost of instructor and assistants, differential equipment 
and supplies, and, differential course overhead as well as certain constant departmental overhead 
and university overhead charges. (Such subdivisions of costs, if plotted annually, are one of the 
most effective ways of locating cost “leaks.”) These figures require, obviously, some thought and 
accounting research and labor in their construction. . , . - .. . 

It is primarily to this second type of individual cost figure that the thought of the text is 
directed. By the first index, every student hour of instruction in a department costs the same. 
By the second, intra-departmental courses open to seniors cost more than courses open to freshmen, 
since the personnel in general is paid more; the non-technical courses of a department cost niore 
than the technical, since both more and more costly equipment in general is used; and the graduate 
work of a department costs more (per course or per student) than undergraduate, for both 
reasons. At the present moment we can do but little more than say that the problem needs to be 
studied thoroughly before adopting any method of individual student-course cost. 

•* Buckingham, B. R.—Thinking Statistically. Educational Research Bulletin, Vol. 6, March 
SO, 1927, pp. 142-148. 
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problem is further complicated by the fact that even if identical distributions 
of marks should be given in two schools the marks in general would not be 
comparable due to the fact that the intelligence distribution of any two in 
general is diiferent, there being very wide extremes in average intelligence 
scores of graduating seniors within the boundaries of a state. Concretely, a 
mediocre mark in a school with a very high average of intelligence is “good” 
and a high mark in a school with a very low average of intelligence is ‘ ‘ medi¬ 
ocre.” As a first approximation, then, we may assume that “the average 
attainment of pupils of equal intellect (and the same school standing, viz., 
seniors) is equal in all schools,” thus for the present ignoring the (probably 
small) “differences in efficiency of schools,” This assumption enables us to 
devise equations by means of which a table of equivalences may readily be 
written for transmuting to a common standard the marks of any pupil of a 
given school.* One such table must be provided for the seniors of every high 
school, and the tables must be revised frequently. By such means we shall be 
able to salvage the predictive power of high school marks in the prognostica¬ 
tion of college success and so add at little cost a powerful variable to our 
battery of guidance instruments. High school marks have character quality 
inherent in them if by such means we can draw it out. 

The practical realization of this project involves the problem of quickly 
finding the regression equations involving some 50,000 high school seniors dis¬ 
tributed among some 2,000 high schools. We have previously discovered by a 
correlational analysis that the first 3 or 3 y 2 years of the high school record is 
practically as valuable for prognosticating college success as the entire four 
years record.** Accordingly, it will be possible to utilize the senior year of 
high school functionally speaking, more and more for guidance, remediation and 
specific occupational preparation of pupils; and, statistically, for preparation 
of a centrally compiled directory of all seniors together with all their pertinent 
traits, transmuted wherever necessary to a common basis.*** These could be 
mimeographed and distributed to all colleges of the state by, say, March 1, 
annually. Upon the problem of college selection, a concerted guidance-selection 
program then might be brought to bear.**** 


• Toops, Herbert A.—The Transmutation of Marks. Ohio College Association Bulletin, No. 88, 
pp. 1093-2000. 

«* Hartson, L. D.—The Predictive Value of Three Tears of High School Work. Ohio College 
Association Bulletin. No. 87, p. 1076- 

***A11 transmuting equations being of the type, T = A + BX, where A and B are constants 
and X is, say, the averaged high school marks of an individual pupil, the constants A and B may 
be punched into a senior’s card as a part of a thus meaningful code number of the pupil’s high 
school in question while the X, the averaged mark over three or three and a half years of the given 
pupil in question is punched in later, perhaps, when it becomes available. The transmuted score, T, 
may then be foundt and be punched into the given pupil’s card automatically by the Hollerith 
multiplying punch as Y=1XA+BXX, and may be checked readily for computation, for all the 
members of a high school, by the checking equationtt ST=AN+BSX, where 2 means the added 
sum of all such scores (the tabulator-produced sums), and N is the number of high school pupils 
of the high school in question found by tabulating the item-count column of the card. 

Toops, Herbert A.—Tests and Techniques in a State-Wide Minimal Guidance Program. ’Occu¬ 
pations, The Vocational Guidance Magazine, Vol. 12,. No. 8, 1934, pp. 10-23. 

See also, Toops, Herbert A.—The Possibility of General Selection. Proceedings of the Asso¬ 
ciation of Ohio College Registrars and Examiners, 1933, 19 pp. 

t See also Segel, David—The Automatic Prediction of Scholastic Success by Using the Multiple 
Regression Technique with Electrical Tabulating and Accounting Methods, Journal of Edu¬ 
cational Psychology, Vol. 22, No. 2, Febr. 1931, pp. 139-144. 

tt A checking equation is an equation which, if satisfied by the substitution of the obtainei 
tabulated sums, gives indicative proof of the probable correctness of the computations. 
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With the 50,000 records resulting for a state, the reproduction of any selec¬ 
tion made from such cards—for example, all the students emanating from a 
given high school, or all the students entering a given college, or all the stu¬ 
dents of better than 90-percentile intellects—can quickly be made if these 
cards have the name of each pupil punched into the card and if the alpha¬ 
betical tabulator be employed for the listing of the cards. 

The data resulting from all such scores and transmuted scores become, once 
the pupil has enrolled in college, the “raw traits” of the student’s perpetual 
personnel inventory card above mentioned, the method of obtaining the trans¬ 
muted scores of course being omitted from the latter as unessential to its 
purpose. Accordingly, it were well that the former card be so arranged that, 
if possible, the pertinent information desired may be copied from the former 
to the latter by the automatic duplicator. 

The Hollerith individual record card will be indispensable in utilizing the 
vast stores of information about the pupils of a state which will accumulate 
annually if we are successful in inaugurating only a few of the proposals for 
a minimal state-wide guidance program, viz.: 

1. Annual intelligence tests of every pupil throughout his high school career. 

2. A uniform college entrance blank, filled out annually by all high school 
seniors. 

3. A uniform high school cumulative record system. 

Such a program in the secondary schools must be paralleled by a com¬ 
parable personnel, guidance and curricular-revision program in the colleges 
if the full benefits of the proposal are to ba realized.* This program is not 
being lost sight of in Ohio as the 93 Ohio College Association Bulletins will 
attest. Some of the key problems noted here, are: 

1. The translation of the student’s traits into such terms that the individual 
faculty member can understand and act upon them; and the supplying of 
each faculty member with such an abstracted record of each of his students. 
“Prevention is better than cure” is good personnel philosophy. 

It is possible so to punch up a student’s record that the tabulator will 
reproduce a profile of the student’s traits. 

2. A means of improving the selection of new recruits to the college teaching 
profession.** 

By correlational analysis, involving, as a first step, finding all the inter¬ 
correlations of fourteen traits, it has become possible to inaugurate a policy 
of selecting departmental personnel by a method which is abbreviated over 
the highly statistical one presented in the reference of the footnote. It was 


* Toops, Herbert A.—The Possibility of General Selection. Proceedings of the Association of 
Ohio College Registrars and Examiners, 1933, 19 pp. 

** Toops, Herbert A.—Selection of Graduate Assistants. The Personnel Journal, Vol. 6, No. 6, 
April 1928, pp. 457-472. 
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found that the traits of greatest importance for psychological selection and 
departmental placement are research ability, scholarship in psychology, and 
specialized abilities (calculating machine operation, mimeographing, pho¬ 
tography, slide rule, etc.) in decreasing order of importance. Accordingly, 
the number of applications being some eight or ten times the number of 
possible appointments, as is generally true nowadays, it is possible first to 
scrutinize all credentials carefully with respect to these three traits and so 
exclude an appreciable number of the least promising applicants, leaving a 
somewhat smaller number to be carefully scored on all fourteen traits; and 
yet not fall into the pitfalls of the successive hurdles method of selection.* 

3. A faculty record card, and an annual personal and progress report of each 
faculty member which shall be a searching self-inventory for augmenting 
and keeping up to date the above record. 

Regression equation analysis of such data has recently been shown by 
Ward** to be a useful means of detecting those faculty members most worthy 
of promotion, independent of departmental recommendations, so that a 
policy of professional growth may be encouraged and promoted by the 
university administration. 

In all these the availability and usefulness of the data will be enhanced 
greatly by being punched into Hollerith cards. The essential requirements 
are (1) quick sorting for any traits or patterns of traits desired; (2) listing of 
entire cards simultaneously, or of any desired part thereof, while changing 
the printing order of the traits according to requirements; (3) tabulation of 
the traits; (4) multiplication of the scores in traits by pairs and the cumula¬ 
tion of the sums produced. Most of the necessary statistical techniques have 
now been worked out and shortly will be published.*** 

For the research problems of the various departments of a university, the 
Hollerith machines are admirably adapted. Often-used theoretical equations, 
for example, frequently may be reduced to tables which may be constructed 
automatically on the tabulator; and once a larger capacity tabulator becomes 
available such operations will be much facilitated.**** It is obvious that almost 
any of the simpler scientific equations of use in mental measurement would gen¬ 
erally be more useful if reduced to tables. With this time-saving equipment 
one can collect data on sufficient cases to insure the validity and reliability of 
empirical formulae and for these formulae tables likewise may be constructed 
“automatically” by the machines. For the greatest value in this connection, 
the tabulator will need to be equipped so as “to retain an impression of 


• Toops, Herbert A. —Sifting Civil Service Applicants by the Successive Hurdles Method. The 
Personnel Journal, Yol. 11, No. 4, December 1932, pp. 216-219. 

** Ward, Jesse L.—The Development of Faculty Personnel Accounting Forms for an Institution 
of Higher Learning, Ann Arbor, Michigan, Edwards Brothers, 1934, 141 pp. 

*** Toops, Herbert A.—Questionnaires, Standard Codes and Hollerith Machines. Chapters 10 
and 11. 

„*♦** Edgerton, Harold A.—A Table for Finding Point-Hour-Ratios and Standard Scholarship Rates. 
Ohio College Association Bulletin No. 43, pp. 353-359+21 pp. of tables. 
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a card” and “to repeat it any number of times as addend,” comparable to 
the function of the “lockdown” key of the adding machine. 

In our more theoretical researches, for example, we have recently dis¬ 
covered a means of coding alternative answer patterns to objective test ques¬ 
tions by a self-coding procedure. Questions 36 and 37 of the Further Educa¬ 
tional Intentions blank (q.v.)—now compound-coded for punching in four 
categories (no-no=l; no-yes=2; yes-no=3; yes-yes==4) in column 55 of the 
Hollerith card—will serve for illustration. The possible answer alternatives 
may be pre-coded with addends thus:— 

Q. 36. If an average four-year university course costs $2500, is 
your family financially able to bear the cost of such 
a course for you? (Note: This is about $625 per year for 
each of four successive years.) JYj No jj2Q Yes 

Q. 37. If an average four-year university course costs $2500, is 
your family willing to bear the entire cost of such a 
course for you? [§J No j!T| Yes 

If the addends printed in front of each answer alternative be added for 
the pattern of answers elected by the examinee, the resultant summated code 
number yields a unique pattern of answer-codes, showing uniquely all possible 
patterns of answers including omissions, as shown by the following table: 

DECODING TABLE 
Code No. Answer Pattern 


1 

“No” 

to Q. 36; omit answer to Q. 37 

2 

“Yes” 

to Q. 36; 

omit 

answer to Q. 37 

3 

Omit answer to C 

. 36; 

“No” to Q. 37 

4 

“No” 

to Q. 36; ‘ 

No” 

to Q. 37 

5 

“Yes” 

to Q. 36; 

“No’ 

to Q. 37 

6 

Omit answer to Q. 

36; ‘ 

‘Yes” to Q. 37 

7 

“No” 

to Q. 36; ‘ 

‘Yes’ 

to Q. 37 

8 

“Yes” 

to Q. 36; 

“Yes 

” to Q. 37 


These—only one choice or no choice (an omission) per row—are exactly 
the requirements for the objective multiple-choice questions which now are 
so widely used in tests and examinations. An inspection of the following 
sample test will show that every allowable pattern of test response is provided 
for:— 

Four-choice tests 

The longest river of the U. S. is the 

1 Columbia 2 Potomac 3 Mississippi 4 Rio Grande 

The color of lemons is 

5 purple 10 yellow 15 green 20 violet 

Who was president of the U. S. in 1863? 

25 Jackson 50 Tyler 75 Harrison 100 Lincoln 

From the above it will be seen that: 
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(1) the addends of the first row are 1, 2, 3, 4. N-, where N is the 

number of answer alternatives common to all the questions; 

(2) The first addend of each row thereafter is found by adding the first 
and last addends of the previous row; thus in the four-choice tests 
5 is the sum of 1 and 4; 25 is the sum of 5 and 20. 

(3) The second, third and fourth, etc., addends of any row are, respectively, 
2, 3, 4, etc., times the initial addend of the row in question. 

It is clear that this coding system may be of much value in differential 
psychology since it enables us to code and handle with greatest ease individ¬ 
ual patterns of response. 

The greatest fault with the system is that the addends soon become large, 
as may be noted from the example above, or as may be inferred from the 
formula for an addend*:— 

A=n (N+l) m_1 

where A is the addend sought for an alternative which is the wth position of 
the mth row, or question, of a table of answer alternatives where each question 
has N alternatives. 

Suppose for example we wish to verify the correctness of the code addend 
written before “Lincoln” in the above example. Now “Lincoln” is the 4th 
alternative (n=4) of a 4-choice (N=4) set of alternatives, and occurs in the 
third question (m=3). 

Accordingly, 

•Lincoln—4 (4+1) 3 -i=4x5 2 =100; 

which proves the correctness of the entry in question. 

The number of code-numbers possible also soon grows quite large:— 

S=(N+l) m -—1 

where S is the maximal code number which must be provided for on a Hollerith 
card if we would provide for punching-up all possible patterns of response. 
In the above example, (m=3—question; N=4-choices) 

S=(4+l) 3 —1=5 3 —1=124; 

which, it will be seen agrees with the code number of a pattern of response: 
“Rio Grande, violet and Lincoln”—the maximally coded alternative of each 
row of which the addends are summated to yield the maximal code number. 

Accordingly, then, for three 4-choice questions one must provide on a 
Hollerith card for 124 code numbers if all possible patterns are to be punched. 

Obviously, answer keys to tests may be similarly coded, by simply under¬ 
scoring throughout on such a blank the correct answers to the several questions 
and then adding the corresponding addends. In an emergency this would 
be a quick way to transmit an answer key, by telegraph for example, and 
at all times a scientific way readily to refer to such a key. (See footnote,* p. 201.) 


* This, and the following formula are given here merely to emphasize once more the possi¬ 
bilities of control of Hollerith operations when we have a mathematical formula for every code 
employed. 
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One possible application of this coding scheme to another purpose is in 
representing test profiles. Suppose a person’s standing be represented by 
three degrees only plus one additional category“high” (in the top third), 
“average” (in the middle third) and “low” (in the bottom third) and “ability 
absent” (or “not measured”). Suppose further that those research workers 
who are working with aptitudes and “mental factors” should find that the 
important ramifications of human ability could be measured and encompassed 
by reporting an individual’s status on, say, only six such unique tests. In 
this event, the above coding scheme might be applied to the individual pro¬ 
files; unique traits replacing questions and being m=6 in number; three de¬ 
grees in each trait (N=3) replacing the four alternatives to each question 
of the above example; and, n becoming the individual’s status (ordinarily 
called X) in each trait, either 1, 2, or 3 depending as the individual is in the 
bottom, middle or upper third, respectively of each measured unique trait in 
question. 

Solution of the above formula shows (when N=3); (m=6) that there 
would be only 4096 different patterns of humans (both measured and partly 
unmeasured; a number which is both far less than the “infinite variety of 
human nature” posited by the average layman, and well within the possibilities 
of empirical investigation by mass survey methods since in the above there 
are only 3 6 =729 basically different measured patterns of human ability. If 
these patterns were all equally frequent**, then in a state high school popula¬ 
tion of 300,000 we should find some 400 of each pattern. By follow-ups con¬ 
ducted on the same scale, we should soon learn, for example, “what patterns, 
if any, are most essential for success in which occupations”. Such hypotheses 
at present obviously are only speculations at best, but nevertheless are neces¬ 
sary ones if human mensuration ever is to take its proper place in the scientific 
sun in accord with the dictum that “The proper study of man is man.” 

It remains to be seen whether we can work out a coding system which 
will need to make no provision for unmeasured or omitted data for each ques¬ 
tion or trait at issue. Because of the smaller requirements as to size, both 
of individual and of summated addends, this code would be far more useful 
in the above problem of unique ability profiles than is the one presented which, 
however, is ideal for the general case of multiple-choice test responses with 
omissions allowed. 

If all answers of a row are possible, we obtain a still larger code in which 
the addends are made up of the successive powers of 2 as in the following 


* If the number of questions be kept to a minimum as where rigorous item selection is em¬ 
ployed, clearly it may be possible to devise a machine for determining the code number of the 
pattern of response accurately and automatically—as is necessary if the plan ever is to become 
practical—and then the code number of the students’ answer pattern being available, by looking in 
a book one may find opposite the code number several entries or normated entries such as: (1) 
The individual’s score on the test (since for a given code number of answer key (X), a given 
pattern of test response (Y) has only one possible number of correct answers) ; (2) his probable 
college scholarship; (3) his probable length of college persistence, in semesters; (4) his chances of 
attaining Phi Beta Kappa;—or, in general, any estimate of his future behavior which is expressed 
solely as a function of his total number of correct responses on this particular test as scored by 
this particular scoring key (it being assumed, of course, that the several correct answers are 
simply added to obtain the student’s score.) 

•• Unique traits—such as the six posited—are uncorrelated, making this assumption of equal 
frequency in a random sampling of the population a very plausible one. 
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example—'which is rather highly artificial in the interests of brevity and clear¬ 
ness of presentation:— 

Q. 27. Underscore the states 

in which you have lived : 1 Ohio 2 Indiana X Neither Ohio 

nor Indiana 

Q. 28. Underscore the states 
in which you have voted 

for president : 4 Ohio 8 Indiana Y Neither Ohio 

nor Indiana 

Here, clearly, one may properly underscore none, any one, any two, any 
three or all four of the numbered alternatives, the code number for which 
last-named pattern of response is “15”. 

This geometrical coding system* is very useful, also, for precoding multiple 
reasons, multiple opinions, and the like, where the several reasons are given 
in a list so coded, and where any one or more up to and inclusive of all the 
alternatives are electable by the examinee, for example: 

Check “X” any and all reasons which were factors in causing you to 
move to Columbus:— 

1 □ Cheaper rent 

2 □ Lower taxes 

4 □ A wider variety of industries 

8 □ Higher wages 

16 □ A promise of steady employment 

0 □ None of the above 

Like the former this is a unique code—i.e., all patterns have a code number, 
and all numbers have one and only one pattern corresponding. 

The above are given to show that Hollerith equipment for the first time 
makes possible an empirical attack on rather important theoretical questions 
which can be answered only by theorizing followed by extensive empirical 
attack for verification. If the equipment plays a stellar role in theoretical 
research, it plays an even more important part in the routine researches of 
a college faculty. 

Hollerith equipment has been used in our office for constructing division 
tables; point-hour-ratio tables; for scoring multiple-answer tests, revealing 
either the right or wrong responses as desired;** for determining the winners 
of state-wide pupil cattle-judging contests;*** for affixing norms to test results; 
for determining the significance, other things being equal, of qualitative in¬ 
formation; for determining the “factors” inherent in test data and scholastic 
marks; for analyzing physical education records and the student personnel 
records accumulated by the registrar; for determining those students, seeking 

* See also Dunn, Halbert L.—Application of New Geometric Code to Multiple Punching in 
Mechanical Tabulation. Journal Am. Stat. Assc.. Vol. XXVII, Sept. 1932, pp. 279-286. 

** Toops, Herbert A.—The Use of the Hollerith Punch Machine in Scoring and Analyzing Tests 
of the Multiple Choice Form. Ohio College Association Bulletin No. 67, pp. 752-757. 

. *** Jackson, Lyman—Report of the Proceedings used in the Tenth Annual Vocational Agricul¬ 
ture Judging Contests, Ohio State University. 1931, 16 pp. (unpublished report). 
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work, who have the best pattern of skills for the work of a proposed employer; 
to determine the most important characteristics of a progressive county and so 
to list the “black spots” of the state;* to determine a minimal salary formula 
for the teachers of the state in state-aid territory; for determining the best 
tests to be combined for the construction of intelligence tests and aptitude 
tests; for determining the minimal number and the identity of the traits to be 
collected for each student so that a meaningful code number constructed there¬ 
from not only will have a high probability of uniquely establishing his identity 
for all time among tens of thousands of students but also at the same time 
will provide data about the student useful to those initiated into the interpre¬ 
tation of the code number;** for researches in Agricultural Economics, e.g. 
the economics of milk production; for researches in the Bureau of Business 
Research, e.g. the economics of chain store selling; for researches of the Bureau 
of Educational Research, e.g. the number-concepts of pre-school children; for 
researches of the Department of School Administration, e.g. the operation of 
the compulsory attendance law among continuation school pupils; for re¬ 
searches of the State Department of Education, e.g. item analysis of the 
responses of pupils on the state-wide scholarship tests and the state-wide teacher 
survey above mentioned; and a varied list of researches of individual pro¬ 
fessors and graduate students who flocked to the machines once their availability 
became known and a few researches had been carried successfully to completion. 

It is the belief of the writer that any college which purports to do research 
cannot afford to do without Hollerith equipment. Any large university cannot 
afford not to have a least two sets of equipment, one for the use of the admin¬ 
istrative offices and one for the research uses of the faculty and students. In 
the latter case, it is most necessary, in the writer’s opinion, that an adequate 
questionnaire and research advisory service be available; that the operator be 
more than usually intelligent, adaptable, and amenable to the acquisition of 
new methods, and be totally free of the “I can’t” complex; but even more 
important, that the equipment be under the supervision of a technically com¬ 
petent research worker; and last but not least important, that there be no 
financial strings on the use of the equipment by faculty members.*** Re¬ 
search productivity is its own justification and its own reward. The right 
arm and brain of any research man can be multiplied by at least ten by the 
judicious use of Hollerith equipment. Our estimate is that the effectiveness 
of most psychological testing and personnel research can be multiplied by 
about fifteen by this means. 


♦ Hall, C. W.—The Collection and Evaluation of Socio-Economic Indices in Relation to Educa¬ 
tional Variables. Unpublished Ph. D. Dissertation, O.S.U. Library, 1931, 262 pp. 

** Royer, Elmer B.—A Unique Code Number. Unpublished O.S.U. Thesis, Library, Ohio State 
University, 1931, 35 pp. 

*** Universities, colleges, municipalities, governments—the so-called “non-productive” employers 
generally have a most curious short-sighted personnel philosophy in this respect, it would seem to 
the writer. They hire—i.e. rent—a most expensive executive, research worker, or investigator. 
They then fail to supply him adequately with the dictating machines, calculating machines, typing 
assistance and the like necessary to get the value or return out of their already heavy investment. 
An expensive high-power gun without cartridges is of no use to a lion hunter. A high-power 
brain, without tools is almost equally useless to one of the non-productive institutions named: 
and moreover becomes a lifetime liability which does not decrease the institution’s outlay at 
the age of retirement. 
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When one examines the literature in the field of the writer’s interests one 
finds that probably two-thirds or more of the researches reported were based 
on too few eases to justify the conclusions made.* Furthermore, few of the 
studies were adequately controlled; and all too few are ever repeated. To 
find intercorrelations of the men, and also of the women, and of both com¬ 
bined, for example, by hand work is seldom done; but with the assistance of 
the tabulating machines, the cards of the men may be sorted while the cards 
of the women are being tabulated and vice-versa, so that the operation of 
finding both sets is little, if any, more laborious, so far as the machine work in¬ 
volved is concerned, than to do the one alone. Then by simple addition of 
corresponding quantities the results for both sexes combined readily are found. 
As many as four or five sets of data—repetitions or successive samplings of an 
experiment, for example—may be thus managed without confusion by two 
operators, one for operating the sorter and one the tabulator. Thus we may 
secure an empirical check on the reliability of our samplings independent of the 
(oftentimes dubious) assumptions of our probable error formulae. 

In the future it is the writer’s belief that we shall see much more attention 
devoted to the study of the influence of sub-groups of people, which combine 
to make large groups, in their effects upon the phenomenon at issue, say 
scholarship. By employing enormous populations and punched cards, one can 
sort out and so obtain sizable populations for different traits and control them 
very precisely through the major, minor and other control boards and then 
list the resulting selections with the appropriate tabulations on the printed 
record. Thus in time will be secured a precision and a dependability of re¬ 
search in the social sciences second only to those now conducted by the physical 
scientists. 


* In support of this contention see also Dunn, Halbert L.—Application of Statistical Methods 
in Physiology. Physiological Reviews, Vol. IX, No. 2, April, 1929, pp. 275-398. 
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PART V 


Applications in Psychology and Educational Research 

CHAPTER II 

Analysis of College Test Results 

By 

Ben D. Wood 

Director, Bureau of Collegiate Educational Research, Columbia College 

TARRING recent years it has become increasingly apparent to thoughtful 
educators that school children and college students alike need constructive 
long-term guidance quite as much as they need teaching; indeed, a considerable 
proportion of the maladjustments and pupil failures in our schools and colleges 
have been attributed, with considerable justice, to the preoccupation of teachers 
with the curriculum and to their neglect of the individual needs of their pupils. 
Many progressive teachers have come to realize that the curriculum is not an 
end in itself, but merely an instrumentality whose only justification is its con¬ 
tribution to the better citizenship of the rising generation. Formerly children 
were “flunked” if they “failed” any part of the curriculum, and were often 
“flunked” entirely out of the school or college if they “failed” more than a 
certain fraction of the prescribed curriculum; hut now there is a strong ten¬ 
dency developing on the part of many teachers to discard the part or parts of 
the curriculum that are failed rather than to discard the pupil or pupils 
that failed such part or parts of the curriculum. To “fail” pupils on the 
scale on which they have been “failed” in the past' is now recognized as an 
evasion of school duty in precisely those individual cases in which the school’s 
opportunity for service was greatest and most crucial for the welfare of both 
the individual and society. 

The welfare of the individual in society is now definitely recognized as 
paramount to the integrity of the curriculum, and in consequence most en¬ 
lightened teachers recognize the function of guidance of individuals as a pro¬ 
fessional duty which is prerequisite to an economical and constructive ful¬ 
fillment of their teaching duties. 

Effective guidance depends on learning the abilities, achievements, and in¬ 
terests of individuals, just as good medical practice depends on careful diag¬ 
nosis of the ailments and needs of patients. School children are as complex 
educationally as they are medically; and educational diagnosis, like medical 
diagnosis, depends upon information of many types from a great number of 
sources. One of the most fruitful of these sources has been found to be ob¬ 
jective tests of aptitudes and achievements which yield comparable measures. 
The interpretation and use of such test results for the diagnosis, guidance, 
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and remedial treatment of individual pupils has been found to be most fruit¬ 
ful and economical when the tests are given cooperatively by many schools, 
as in city-wide, state-wide, or nation-wide testing programs. But the advantages 
of large-scale programs cannot be effectively realized unless the results from 
all cooperating schools can be expeditiously, accurately, and economically col¬ 
lated. This condition for the effective use of test data has been met by the 
Hollerith tabulating machines, as, for example, in the case of the Iowa Every- 
Pupil Testing Programs, mentioned elsewhere in this volume, and in the case 
of the nation-wide college testing programs of the Committee on Educational 
Testing of the American Council on Education, of which the 1933 program 
is the subject of this chapter. 

In May, 1933, more than 150 colleges in 40 states gave one or more of 
a dozen tests to over 10,000 sophomores, and to many additional pupils in 
the freshman, junior, and senior college classes. These tests included the fol¬ 
lowing: English (Spelling, Usage, Vocabulary) 255 items, 95 minutes; Lit¬ 
erary Acquaintance, 200 items, 45 minutes; General Culture (history, eco¬ 
nomics, government, sociology, psychology, foreign literature, fine arts), 803 
items, 180 minutes; General Science, 270 items, 60 minutes; General Mathe¬ 
matics, 166 items, 120 minutes; French, German, Spanish or Latin, 280 items, 
90 minutes each. The colleges used these tests in a great variety of com¬ 
binations, for exceedingly variable selections of students from the various classes 
and thus presented quite a complex collating problem that would have been 
prohibitive in time and cost without the aid of Hollerith equipment. A few 
of the more general statistical treatments of the vast body of data will be 
described briefly in this paper. 


Data Sheet 

Most of the tests were scored at the colleges where they were given, and 
all test results were reported on the Report Sheet form reproduced herewith. 
(Fig. 149.) The first five lines on the sample sheet are filled in from a bona fide 
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college Report Sheet. The numbers in the seventh line show the card-column 
numbers in which the scores or code numbers in each column of the Report 
Sheet were punched. For convenience of securing card counts in cases where 
some students in a college failed to take one or more of the tests, a “1” was 
punched in the card columns indicated in line 8 if the test or group of tests 
was taken, and a “0” was punched if the test or group of tests was not taken. 
College numbers were assigned to the colleges in the order in which the reports 
were received, and serial numbers were assigned to the individual pupils in 
the same order. The data on college grades and chronological age were ob¬ 
tained from the participating colleges in accordance with the following direc¬ 
tions : 

“It is requested that age at last birthday and average college grade be 
indicated for each student who takes one or more of the tests. In report¬ 
ing the average grade the code given below should be used. This code is 
necessary because different institutions use different symbols for grades, some 
using letter grades, A-B-C-D-F or E-G-F-P, etc., and some using percentages. 
In order to maintain comparability as far as possible between the grades for 
different institutions it is requested that you transmute whatever system of 
grades you use into marks of Excellent, Good, Fair, Poor, and Probation. 
In some institutions only students who receive 95 or above may be considered 
excellent. In other institutions a student receiving an average of 85 may 
be considered excellent. The intermediate points in the code, namely, 2, 4, 
6, and 8, are provided in order to permit adjustments in cases in which there 
is some doubt regarding the group in which the student’s average places him. 

9 Excellent 

8 

7 Good 

6 

5 Fair 

4 

3 Poor 

2 

1 Probational or Failing” 

The code numbers for sex (Column 1) and foreign language (Column 17) 
were as follows: 

1 Male 1 French 

2 Female 2 German 

3 Latin 

4 Spanish 

National Sophomore Percentile Tables 

The first and most widely desired table was the table of national sophomore 
percentile scales. This table, a part of which is reproduced here for illustra¬ 
tive purposes, (Fig. 150) enabled each college to determine the national stand¬ 
ing of each student who took one or more of the tests. The whole table in- 
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National percentile scales for the tests given in May, 1933, to college sophomores. The 
scales are based upon returns from all sophomores tested, regardless of curricular division 
or type of institution, for whom reports were received up to June 10, 1933. These tables 
show true percentiles, calculated from the distributions of scores. 

Each score in each column shows the upper score limit of the percentile indicated at the 
extreme left and right of the line. For example, the bottom entry in the History and Social 
Studies column shows that all scores of 14 or below have a percentile of 1; all scores from 
15 to 20, inclusive, have a percentile value of 2; and all scores above 177 have a percentile 
value of 100. Scores of 82 to 86 have percentile values of 51 to 55, and scores from 77 to 
81 have percentile values from 46 to 50. Many colleges used variant combinations of tests, 
hence the numbers of cases and of colleges vary from column to column. The mean and 
sigma of the scores and the number of colleges involved in each column are shown at the 
top of each column. 

Fig. 150 
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eluded 2? columns, one for each of twenty-seven tests or test-parts given to 
sophomores. The percentile scores in each column in the table were calculated 
from the results of one run of the punched cards through a standard 80-column 
printing tabulator, wired for minor control on the columns in which the scores 
for a given test were punched. The score intervals were printed from the first 
counter, the card count or frequency distribution from the second, the total 
number of cases from the third, and the sum of all the scores from the fourth 
counter. The average or mean score was the quotient of this score-sum divided 
by the total card count, and the sigma was calculated by hand from the fre¬ 
quency distribution. 

Variability of Achievement in Colleges 

One of the most interesting of the many types of comparisons facilitated 
by the punched card analysis of the college test data is illustrated by Fig. 151, 
which is reproduced here, with accompanying discussion, from the Educational 
Record for October, 1933. 

The sixteen colleges included in Fig. 151 were chosen to represent the 
whole range of medians from highest to lowest, and all types of institutions 
that gave the tests to sophomores and that reported results in time for in¬ 
clusion in the report. The sixteen institutions include universities, four-year 
colleges, junior colleges, and teachers’ colleges in more than a dozen states, 
and represent various types and conditions of accreditation and non-accred¬ 
itation. 

Fig. 151 shows two types of variability; the first is the variability of median 
scores of different colleges, and the second is the more significant variability 
of scores of students in individual colleges. While both types of variability 
indicate the great need for more adequate educational guidance of students, 
both before and after reaching colleges, the second type more particularly 
defines the immediate opportunity of the colleges to serve those young people 
who have already been admitted to college, and also, in cooperation with the 
secondary schools, to serve similar groups of young people who are planning, 
often unwisely, to come to college. The differences among the colleges whose 
sophomores participated in this program, as indicated by the differences dis¬ 
played on this chart, are very large indeed. 

The chart is particularly interesting because of the availability of comparable 
English test data on entering college freshmen and on independent secondary 
school pupils, represented by the five bars at the extreme right of the chart. 
The median score of 3,268 college entrants in 10 colleges in September, 1932, 
is slightly above, and the median of 1,351 twelfth grade pupils in independ¬ 
ent secondary schools is just equal to, the national sophomore median. The 
sophomore medians on the English test are below the median of the ninth 
grade in five colleges and below the median of the tenth grade in twelve of 
the 130-odd participating colleges. One of these twelve colleges is fully accred¬ 
ited by a regional association. In one of these dozen colleges, about 95 per 
cent of the sophomores, and in another about 85 per cent of the sophomores, 
are below the ninth grade median. In the college which secured the highest 
median score in the English test, about 15 per cent of the sophomores are 
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Variability of achievement as measured by the total English test. The middle horizontal 
line shows the national median, and the other two are at the 16th and 84th percentiles 
of the national sophomore distribution. The first vertical bar represents the national group 
of sophomores from all colleges that took this test, and each of the other bars represents 
an individual college. The wide portion of each bar represents the range of scores of the 
middle half of the sophomores in each college. The narrow parts extend to the 16th and 
84th percentiles in each college. The lines at the ends extend down to the 10th percentile 
and up to the 90th percentile. The crosses below the bars represent the lowest scores and 
those above represent the highest scores in the several colleges. The short cross line at 
the middle of each bar represents the median score of the college. 

While this chart is based entirely on percentiles, the scale has been altered to correspond 
roughly to a sigma scale, so that vertical distances are approximately comparable. The sigma 
scale is derived from the percentile scale. 

The sixteen colleges included here are chosen to represent the entire group of colleges 
that gave the tests to sophomores. All types of institutions are represented. 

The five open bars at the right represent the distributions of scores on comparable Co¬ 
operative English tests (Series 1, 1932, and Series 2, 1933) of 3,268 freshmen entering 10 
colleges in September, 1932, and of 5,344 pupils in independent secondary schools who took 
the tests near the end of the ninth, tenth, eleventh, and twelfth grades in April, 1933. 

Fig. 151 


below the twelfth grade median; and in another college, which is fully accred¬ 
ited by the A.A.U., more than half of the sophomores are below the twelfth 
grade median. On the other hand, the fourth highest college on the chart is 
not on any accredited list available at this writing. 

Variability Within Colleges 

While the differences between colleges are highly significant, the variability 
within colleges displayed in Fig. 151 is of even more profound importance 
for the philosophy and administration of American education. The spread of 
scores within a single college, from far below the ninth grade median of in- 
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dependent secondary schools to far above the national sophomore median, is of 
basic significance. If these indications are no more than approximately correct, 
the great need suggested is not so much a more ardent concern over the rec¬ 
tification of institutional standards as a humane ardor for finding and serving 
constructively the needs of individuals in the heterogeneous and largely over¬ 
lapping masses that are now and will probably inevitably continue to populate 
both secondary schools and colleges. It is obvious that, with such student bodies 
as here indicated, mass standards and “average performance,” even when rela¬ 
tively high, are not only irrelevant but ironical. It seems equally obvious 
that no simple and easy changes ean be remotely adequate for making the re¬ 
adjustment demanded by the heterogeneity here exposed. Nothing short of 
a definite abandonment and repudiation of blanket prescriptions and unmiti¬ 
gated mass methods, and a genuine and whole-hearted acceptance of the fact 
of individual differences and their increasingly obvious administrative and 
guidance implications, would seem to be a sufficient reason for hopefulness in 
regard to this crucial social problem. The differences found here among col¬ 
leges, and the variabilities within colleges, are almost certainly due, partly if 
not wholly, to differences in original ability which probably can not be equalized 
by any teaching methods now known. The indications of Fig. 151 are parallelled 
and confirmed by equal or greater differences in the achievements of college 
sophomores as measured by each of the other tests used in this program. 

Distributions of College Averages 

The average of each college on each test was expeditiously and economically 
calculated, once the data were punched on the Hollerith cards. For this pur¬ 
pose the tabulator was wired for minor control on the column for college identifi¬ 
cation number, which was printed from the first counter. The card-count was 
accumulated in and printed from the second counter. In counters 3, 4, and 
5 the sums of the scores on three or more of the tests were accumulated simul¬ 
taneously at one run of the cards, by splitting the counters whenever the test 
scores were numerically small, and the resulting sum would not exceed 9999. 
When all the sums were secured, each was divided by the corresponding card 
count, and the resulting averages were distributed as in Fig. 152. 

This table confirms for all variables the indications of Fig. 151 that colleges 
differ widely with respect to achievement of the types measured by the tests. 
On some of the tests, several colleges secure mean scores which are at or above 
the 84th percentile, while equal numbers of colleges secure mean scores at or 
below the 16th percentile. This means that in some colleges roughly half of 
the sophomores are in the highest 16 per cent of the national sophomore group, 
and in other colleges roughly half of the sophomores are in the lowest 16 per 
cent of the national group. The importance of such differences, for admissions 
officers who are considering applications for advanced standing, and for those 
who are engaged in constructive educational guidance, can hardly be overes¬ 
timated. These data emphasize the need for supplementing present appraising 
devices with instruments which yield more objective and more comparable 
measures. 
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Distributions of college sophomore averages. The sophomore means of all colleges for 
which data were available are here distributed in terms of national sophomore percentiles. 
The percentile scale has been altered as in Fig. 151, so that the intervals correspond approxi¬ 
mately to a sigma scale. The vertical distances are therefore roughly comparable. 


Fig. 152 



Comparison of professional goal groups. Graphs of means on 
indicated tests of college sophomores who reported their professional 
goals. The averages are graphed in terms of national sophomore per¬ 
centiles arranged as in Fig. 151. 
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Comparison of Professional Goal Groups 

The average of each professional goal group on each test was calculated in 
the same way as the college averages of Fig. 152. Some of the professional 
goal averages are shown graphically in Fig. 153. 

Fig. 153 affords several interesting contrasts and parallelisms. The lines 
connecting the averages of the medical and agricultural aspirants are practically 
parallel throughout, but the medical averages are roughly one sigma above the 
agriculture averages throughout. A general parallelism obtains between the 
lines for engineers and architects, except that the architects are considerably 
below the engineers in mathematics, and very much below in general science. 
In contrast with these groups, the journalists are relatively high in spelling, 
English, and General Culture, and mediocre in General Science and General 
Mathematics. Unlike all other groups, the law and teaching group lines hold 
a generally mediocre level across the chart, the law group being superior to 
the teaching group on all tests except spelling. The relatively smaller numbers 
of students taking the mathematics test suggest caution in interpreting the 
averages graphed at the extreme right of the chart. 

Comparison of Age Groups 

The average of each age group on each test was tabulated in the same man¬ 
ner, with the results shown in Fig. 154 for indicated variables. 

Fig. 154 shows the familiar negative correlation between chronological age 



Comparison of age groups. Means of chronological age groups 
of sophomores on indicated variables, graphed in terms of national 
sophomore percentiles arranged as in Fig. 151. Since the national 
distributions show varying degrees of positive and negative skewness, 
the means as here graphed appear too high for some variables and too 
low for others. However, it is the direction of the lines, rather than 
their height on the chart, that is significant here. 

Fig. 154 


213 





and tested achievement. The negative correlation is fairly consistent for all 
variables from age 17 to 23, after which the relation becomes slightly positive; 
but the relation between age and average scores in General Science and Gen¬ 
eral Mathematics is not far above zero throughout. 

In this chart means are graphed in terms of national percentiles, and since 
the national distributions show varying degrees of positive and negative skew¬ 
ness, the lines connecting the averages of the different tests are rather widely 
separated, some appearing too high and some too low, according to the degree 
and direction of skewness. Similar but less obvious discrepancies appear in 
some of the other charts. Throughout this report an effort has been made 
to make all comparisons in terms of national sophomore percentiles, partly 
because of the more widespread familiarity with the percentile scale, and 
partly because of the lesser expense of preparing the report in this way. In 
calculating the averages of sub-groups, as of a college, or an age or professional 
group, it has been less expensive and more expeditious to calculate means rather 
than medians, hence the unusual procedure of charting and tabulating means 
in terms of percentiles, arranged to approximate a sigma scale, as in Fig. 151. 
However, the apparent distortion would have been as great if we had derived 
percentile from sigma scales, instead of the reverse. 


Overlapping of College Classes 

Five of the colleges that participated in the 1933 college testing program 
gave the sophomore tests to the pupils in all four college classes. This provided 



Comparison of college classes. Graphs of scores on indicated tests of freshmen, sopho¬ 
mores, juniors, and seniors in the five colleges that tested all four classes. The class per¬ 
centiles are graphed in terms of national sophomore percentiles arranged as in Fig. 151. All 
available cases on each test have been included. Varying numbers of the five colleges either 
omitted or made optional the General Science and General Mathematics tests in one or more 
of the classes; hence the indications from these tests should be taken with caution. 

For comparative purposes, the distributions of comparable English test scores of entering 
college freshmen and of ninth, tenth, eleventh, and twelfth grade classes in independent 
secondary schools are graphed alongside the English test graphs of the college classes. 

Fig. 155 
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an opportunity for comparing the freshman, sophomore, junior, and senior 
classes in these colleges with respect to achievement as measured by the tests. 
Distributions of the scores of each of the classes were easily secured by means 
of the punched cards and Hollerith machines. These distributions were graphed 
with the results shown in Fig. 155. 

In general the class medians rise from freshman to junior classes, but the 
senior median is lower in general than the junior median, and in mathe¬ 
matics is lower even than the freshman median. On the English test the senior 
median recedes from the junior median less than on any other test, but even 
this slight recession is in strong contrast with the large advance made by the 
twelfth over the eleventh grade in independent secondary schools. 

Of far greater significance, however, is the fact that even the largest differ¬ 
ences in medians are small in comparison with the variability of the classes, 
and the further fact that the variability is approximately equal in all classes. 
In a basic subject matter such as English there are about as many very good 
students in the freshman as in the senior class, and nearly as many very poor 
students in the senior as in the freshman college class. The near-equality of 
the class medians might appear acceptable if the senior distribution were 
truncated at the bottom. The presence in the senior class as in the freshman 
class of nearly the same proportion of students below the tenth grade median 
for independent schools is enough to give one pause; and the fact can hardly 
be explained except on the grounds that time-serving rather than achieve¬ 
ment furnishes the basis of promotion from freshman to senior class. It is 
more than probable that these students achieve social and some intellectual 
values in passing from the freshman to the senior class; but it seems clear 
that whatever the nature of these values may be, they are not associated with 
or dependent upon the type of literacy measured by the English test used in 
this program. Nearly a third of the college seniors in these five colleges are 
below the median of the freshmen, more than a fourth of the seniors are below 
the twelfth grade independent school median, and more than 10 per cent of 
the seniors are below the tenth grade median. On all the tests between one- 
third and one-fourth of the upper classes are below the freshman median, and 
equal proportions of the freshmen are above the highest upper class median, 
with approximately equal numbers of extremely good and poor students in each 
of the four classes. 

Conclusion 

The tables and charts described above are merely illustrative of the many 
ways in which the college test data were analyzed and studied with the aid 
of the Hollerith machines, with a maximum of accuracy and expeditious¬ 
ness and a minimum of expense. It is obvious to anyone who has had ex¬ 
perience in dealing with similar masses of data that even the analyses which 
have been presented above would be prohibitive in expense and time if they 
had to be done by hand methods. The adaptability of the punched card system 
for analyzing large masses of data is of particular importance to institu- 
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tions and groups of institutions that are too small to have their own Hollerith 
machines, because it is entirely feasible for such institutions or groups to punch 
their own cards at small expense and have the cards sorted and tabulated at 
Hollerith service bureaus which are now fairly well scattered over the entire 
world, in university research departments, and in business establishments. 
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PART V 


Applications in Psychology and Educational Research 

CHAPTEB III 

Analysis of High School Test Results 

By 

E. F. Lindquist* 

Associate Professor of Education, The State University of Iowa, and 
Director, Iowa Every-Pupil Testing Program 

JgLECTRIC tabulating machinery for years has played an important part 
in the growth and development of large-scale testing projects. An out¬ 
standing example of its usefulness is its application in connection with the 
Iowa Every-Pupil Testing Program which has just completed its sixth year of 
continuous operation. 

The Iowa Every-Pupil Testing Program is a cooperative, regional testing 
project whose fundamental purposes are to provide superior instruments for 
the measurement of educational achievement, to encourage better scholarship, 
and to accelerate improvement in the content and methods of high school 
instruction. 

The project annually involves the administration of a battery of objective 
achievement examinations in several hundred high schools in Iowa and in 
neighboring states. These tests are given on the same day, under carefully 
standardized and uniform conditions, to every pupil enrolled in each of the 
subjects tested. Seventeen of the more fundamental subjects in grades nine 
to twelve are included, and a sixty-minute test is given in each. 

The Iowa Every-Pupil Testing Program embodies all of the elements essential 
to the production of test materials of the kind needed. It is an annual coop¬ 
erative program conducted for schools operating under relatively homogeneous 
conditions in a restricted geographical area; all materials are expertly con¬ 
structed on a uniform basis under central supervision, resulting in high con¬ 
sistency in quality and in form from subject to subject; all materials are re¬ 
vised annually in order to keep them intimately related to the instructional 
programs in the schools and to keep them abreast of recent technical advances 
in test construction; norms are simultaneously established for all tests on the 
same group of pupils and schools, resulting in high comparability from subject 


* Part of the material in this chapter has been taken from the author’s pamphlet, “The Iowa 
Every-Pupil Achievement Testing Program,” Bulletin of the State University of Iowa, new series 
No. 716, December 2, 1933, 22 pp., and from the summary report of results of the Sixth Annual 
Iowa Every-Pupil Testing Program of May 8, 1934. For further reference see “The Every-Pupil 
Tests in the Social Studies,” “The Every-Pupil Tests in English,” “The Every-Pupil Tests in the 
Sciences,” and “The Every-Pupil Tests in Mathematics,’ , which may be obtained upon request from 
The State University of Iowa. 
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to subject; and the very large numbers of pupils and schools involved make 
possible the establishment of specialized and localized norms far more reliable 
and meaningful than those provided for the usual standardized achievement test, 
including separate norms for schools in separate enrollment groups, separate 
norms for pupils at different levels of general intelligence, and norms for 
a single composite measure established upon, the results for all pupils in all 
subjects in each participating school. The Every-Pupil Testing Program 
furthermore, is distinguished by unusual promptness in the reporting of re¬ 
sults back to the schools—a promptness which is made possible by the extensive 
electric tabulating equipment in the University Statistical Service Bureau. A 
complete summary of the results of the entire testing program and of norms 
on all tests is distributed to each school within two weeks after the admin¬ 
istration of the tests. 

Of particular importance is the “Confidential Report of Results” for his 
own school which is sent to each superintendent or principal (see Figs. 156 and 
158). 

Column 6 in this report (Fig. 156) shows the total number of schools that 
administered each of the tests indicated to the left of the report. Column 7 
tells the school in question how its average score in each subject ranks among 
the averages of all other schools participating in the subject. For example, 
the figure “9” in column 7 opposite algebra indicates that the algebra average 
for the school in question was 9th from the top in the distribution of algebra 
averages for the 123 schools (column 6) administering this test. The lowest 
possible rank in algebra is, of course, 123. 

Because of the fact that the average scores on the different tests are orig¬ 
inally measured in different units they must be expressed in terms of the 
same standard unit before comparisons can be made between different sub¬ 
jects or before a composite measure of performance may be computed for all 
subjects. For these purposes, each of the averages in column 2 has been 
expressed as a T-Score in column 5. The T-Scores represent the best basis for 
making comparisons between average performances in different subjects in the 
same school. 

It would, of course, be outside the scope of this paper to show in full 
all of the dozens of tables that are prepared to show in detail the results of 
each testing program. A few must, therefore, suffice (see tables A, B, C, and D, 

Fig. 157. 

It is interesting to note that in the preparation of the reports as well as 
of the tables, all hand transcriptions and computations of data are entirely 
eliminated. The tables from which the summary reports are typed are turned 
out by the printing tabulator in almost exactly the same form in which they 
are reproduced. The confidential reports are directly prepared on the alpha¬ 
betic printing tabulator, again eliminating all of the laborious transcriptions and 
typing that had previously been necessary in the compilation of such reports. 

The Every-Pupil Testing Program, therefore, represents a type of testing 
project which differs very significantly from, and is hardly comparable with, 
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Fig. 156 










How to Read Tables on Opposite Page 

Table A 

This table shows the distribution of average scores in algebra for the schools in each 
enrollment classification (columns A, B, C, and D) and for all participating schools (last 
column). For example, 3 schools in Class A earned an average score between 16.8 and 18.19, 

1 school earned an average score between 15.4 and 16.79, etc. The numbers in parentheses 
indicate the frequencies for schools located outside of Iowa. These schools administered 
the algebra test under exactly the same conditions as the Iowa schools. As far as individual 
subjects are concerned their scores are strictly comparable with those from the Iowa schools, 
and are therefore included in the tabulations for each individual test. The numbers to the 
left in each column are, in each ease, inclusive of the numbers in parentheses. For example, 
we see that 3 Class A schools earned an average score of 16.8 to 18.19. Of these 3 schools, 

2 were out-of-state schools. To secure the number of Iowa schools in any one interval, then, 
we must subtract the number in parentheses from the number to the left in the same column. 
The figures opposite N in each column represent the total number of schools tabulated in that 
column. The numbers in parentheses again have the same significance. For example, out of 
the 20 schools entered in Class A, 6 were out of the state. The figures opposite A.M. 
(Arithmetic Mean) represent the average scores earned by all schools in each group. These 
averages are based upon the total group, out-of-state schools included. The relationship 
between achievement and size of school is indicated by these figures. In general, the best 
average performance on each test was secured in the Class A schools. The figure opposite 8.D. 
(Standard Deviation) in the last column is a measure of variability in school averages for 
all schools taking this test. The standard deviation may be roughly described as the dis¬ 
tance which when measured off on either side of the general average will include approx¬ 
imately the middle two-thirds of the individual averages in the distribution. This measure 
is used in transmuting average scores into T-score units. 


Table B 

This table is derived from the last column in Table A. It shows the value of the average 
score which exceeded that of a given per cent of all schools participating in that subject. 
For example, to exceed the average scores of 35% of all schools, a school must make an 
average score of 12.19. (The 99th and 1st percentiles represent the highest and lowest 
averages made in each group.) This table should not be confused with Table D. Table B 
shows how the school ranks as a school; Table D is used to interpret individual pupil per¬ 
formance. Any school desiring a more accurate percentile value for its own average score 
can obtain it by following the directions for using the Confidential Report. The percentile 
standing of your school in your own enrollment classification can also be computed from the 
Confidential Report. (Table B is based upon all schools taking the test, including competitive 
and non-competitive, Iowa and out-of-state schools.) 


Table C 

This table is similar to Table A, except that it distributes individual pupil scores instead 
of school averages. For example, 10 pupils in Class A schools earned a score between 40 
and 43 (column A) ; 2390 pupils in Class A schools took the algebra test, and made an aver¬ 
age score of 15.38. The averages in Table C will differ slightly from those in Table A, since 
in the first table the school was considered a unit, and the small school carried just as much 
weight as the large one. The averages in Table C are slightly superior to those in Table A 
for the purpose of comparing performances in the different enrollment classifications. 


Table D 

This table disregards enrollment classifications, and deals with all pupils who took the 
algebra test. According to this table, any pupil who scored from 40 to 65 inclusive was 
included in the 100th percentile, or in the highest 1% of the total group. Any pupil scoring 
from 37 to 39 inclusive ranked in the 99th percentile, etc. To transform a pupil’s score 
into a percentile, find the interval in the “Score” column which includes his score, and take 
the corresponding value in the “%-ile” column to the left. This table should be used for 
purposes of comparing a pupil’s performance from subject to subject or from year to year. 
The percentile derived from this table is that recommended for inclusion in the pupil’s 
cumulative record form in the principal’s office. The last entries in the table, opposite 
“H.S. ” and “L.S., ” represent the highest and lowest scores, respectively, that were made 
by any pupil. In the case of algebra, 60 was the highest score earned, 0 the lowest. 
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any that could be independently devised in a single school system by using the 
scattered standardized tests now available elsewhere. To the school admin¬ 
istrator or supervisor, this program is a unique source of important information 
about his own school. It furnishes him with a reliable means of evaluating 
the results of instruction in his school as compared to that in others; it provides 
a partial basis for checking the validity of the content taught; it helps him 
to discover those teachers on his staff who are most in need of supervisory 
aid, those subjects most in need of curriculum revision, and those pupils most 
in need of individual attention; it may be used to increase the reliability of the 
marks used for the promotion, demotion, and classification of pupils; it makes 
possible better educational guidance; and it gives him an indirect measure of 
the educational effectiveness of his own organization and administrative policies. 

Special attention should be given to the advantages of continuous year-after¬ 
year participation in a program of this character. Periodic measurements of 
the comparable type provided by the Bvery-Pupil Testing Program will enable 
the schools to determine more objectively what progress they have made in 
the improvement of instruction, and will permit a better evaluation of changes 
in administrative and supervisory policies. Furthermore, the systematic cumu¬ 
lative recording, over a period of years, of the test results of individual pupils 
should provide a valuable aid in the long-time educational guidance and coun¬ 
selling of students. This latter use of comparable test results has, in fact, 
been recently acclaimed by certain leaders in the field of measurement as the 
most significant single outcome of the objective testing movement. In order to 
encourage further development of such guidance possibilities, the sponsors of 
this project intend to prepare an individual cumulative record form upon 
which Every-Pupil test data and other significant information concerning the 
pupil may be permanently recorded, and to distribute this form to the par¬ 
ticipating schools as soon as possible. 

It may be noted finally that the Iowa Every-Pupil Testing Program pre¬ 
sents a unique opportunity for educational research. Most of the educational 
agencies upon which we rely at present for research and experimentation are 
of relatively limited scope and facilities. They are adequately equipped only 
to tackle problems calling for intensive experimentation with or investigation 
of small groups of pupils, usually located in a single school or in a very small 
number of schools. Very few research organizations have the facilities to 
handle problems of the type in which the teacher or the school, rather than 
the pupil, is the basic unit, and in which achievement test data must be col¬ 
lected on a very large scale, not only from one hundred or so pupils, but from 
the pupils under one hundred or more teachers or in one hundred or more 
school systems. Many of our most pressing and crucial educational problems 
call for this latter extensive type of attack. The relationship between class 
size and academic achievement, between size and type of school organization 
and results achieved, or between such factors as the training and experience 
of teachers and the achievement of their pupils, for example, are problems 
that require the collection of data on such a wide scale as to render their 
treatment highly inexpedient, if not impossible, for the usual research agency. 
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As a result, many of our most fundamental problems have remained, not only 
unsolved, but practically untouched. 

It is in just this type of situation that the Iowa Every-Pupil Testing Pro¬ 
gram serves its most useful function as a research agency. Collecting, as it 
does every year, achievement test data and related information from hun¬ 
dreds of school systems, from thousands of teachers, and from tens of thousands 
of high school pupils, it makes possible the investigation of many of these hith¬ 
erto untouched problems at very little additional cost. 

In these research studies again a number of valuable applications are made 
of the electric tabulating equipment. As a matter of fact, considering the 
large mass of data to be analyzed, many of these investigations would he abso¬ 
lutely impracticable if this equipment were not available. For example: 
Following each annual testing program a random sample of one thousand 
examination papers is taken from all those written in each subject and a 
detailed item analysis is made of the pupil responses. This analysis includes 
securing the percentage of correct responses on each item, the percentage of 
pupils selecting each of the various false responses to each of the recognition 
(multiple choice) items, as well as an index of discrimination or selectivity 
for each individual item. These analyses are extremely valuable in disclosing 
specific weaknesses in current instruction and in drawing attention to tech¬ 
nical imperfections in the individual test items and suggest many specific im¬ 
provements that might be made in tests to be built later. If these item analyses 
had to be done by hand methods, they would prove so time-consuming and 
expensive as to make them totally inexpedient. 

These valuable by-products of a testing program in no way interefere with 
the more fundamental purposes of the project, and provide an unequalled 
opportunity for studying the factors affecting learning. The results of such 
research should contribute much to the establishment of a better and more 
effective learning environment. 
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PART V 


Applications in Psychology and Educational Research 

CHAPTER IV 

The Scoring of Vocational Interest Tests 

By 

Edward K. Strong, Jr.* 

Professor of Psychology, Stanford University 

T^TEN engaged in a particular occupation have been found to have a char¬ 
acteristic set of likes and dislikes which distinguish them from men 
following other professions. Scores on the Vocational Interest Blank** are a 
measure of how nearly a man’s interests coincide with those of the average 
man successfully engaged in a certain occupation. 

For the purposes of this test it is assumed that a man will be more effective 
in his vocational career if he is engaged in work that he likes than if he is 
forced to do a great many things that he dislikes. If he is given his own 
free will in the matter, it is apparent from surveys made at Stanford University 
that his general interest will, to a surprising extent, influence his choice of 
a career. 

It will be some time before the validity of this test can be exactly deter¬ 
mined. Results so far obtained show that the test has genuine merit. 

The blank must be scored separately for each occupational scale. If scores, 
for example, are desired upon twenty-six of these occupations, it is necessary 
to score the blank twenty-six times. 

In diagnosing a man’s occupational interests the blank should be scored 
pn many different scales, for in this way the interest pattern may be most 
clearly ascertained. This should be done with Hollerith equipment, as the 
labor of scoring all these scales by hand is excessive. (See section below on 
scoring the blank.) There are many cases, however, where a student is de¬ 
sirous of knowing which of two or at most three occupations he should enter. 
In such cases, the blank may be scored for these few occupations at less 
cost by hand. 

As the twenty-sixl occupations may be classified into seven groups on the 
basis of interests, it is possible by scoring the blank for interest in seven occu¬ 
pations (each of which is fairly typical of a group) to ascertain a man’s occu¬ 
pational interest with respect to these groups of occupations. These seven 


* Part of the material in this paper has been taken from the author’s recently published 
"Manual for Vocational Interest Blank,” Stanford University Press. 

*» The first two of the eight pages of the Vocational Interest Blank are shown in Pig. 159. 
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occupations are physicist (Group I), lawyer (Group Ha), life insurance salesman 
(Group lib), teacher (Group Ilia), Y.M.O.A. Secretary (Group IHb), office 
man (Group IV), and certified public accountant (Group V), 


Occupational Interests That Can Be Determined by the Test 


Accountant 

Advertiser 

Architect 

Artist* 

Boy Scout Master 
Carpenter* 

Certified Public 
Accountant (revised) 
Chemist 
City School 
Superintendent 
Dentist 


Engineer 

Parmer 

Journalist 

(newspaper editor) 
Lawyer 

Life Insurance Salesman 

Mathematician 

Minister 

Office Clerk 

Personnel Manager 

Physician and Surgeon 

Physicist 


Psychologist 
Purchasing Agent 
School Teacher and 
Administrator 
Vacuum Cleaner 
Salesman 
Y.M.C.A. General 
Secretary 
Y.M.C.A. Physical 
Director 

Interest Maturity* 


Scoring the Blank 

The entire blank must he scored for each occupational interest, using a 
different scoring scale in each case. A scoring scale (stencil) includes nine 
slips of cardboard, corresponding to the nine parts of the test. On each slip 
are printed three columns of figures. To illustrate this and the method of 
using the scale, the first five items on the blank are given below and opposite 
them the scores which appear on the scoring scale for lawyer interest. 


Actor. 

.LID 

1-10 

Advertiser. 

.L I D 

-7 0 4 

Architect. 

.LID 

-2 0 3 

Army Officer. 

.LID 

1-2 0 

Artist. 

.LID 

-2 -1 3 


If a person should circle L opposite all five of these items he would be 
given the following scores: 1, -7, -2, 1, and -2, totaling -9. On the basis of 
these five items he does not have the interests of a lawyer. To score the blank, 
then, one must ascertain the 420 scores assigned to the L’s, I’s, and D’s that 
have been circled and then total them, observing the algebraic signs. 

There are two methods of scoring by means of the Hollerith Machines. The 
first of these can be applied by anyone having a standard sorting and tabu¬ 
lating machine. The second requires a special attachment for the tabulating 
machine which was suggested and outlined by Dr. Ben D. Wood, Columbia 
University, and designed by Mr. Richard Warren and engineers of the IBM 
This attachment can be obtained from the Tabulating Machine Division of the 


* Those starred have just been published- Scales for policeman and masculinity-feminity will 
be published shortly. 
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159—The first two pages of the Strong Vocational Interest Blank 




















International Business Machines Corporation.** The latter method, which is 
considerably faster, will appeal chiefly to those who have many blanks to score. 

The two procedures are as follows: 

First Method (standard machines] 

A Hollerith card is provided for liking, another for indifference, and an¬ 
other for disliking each of the 420 items, making 1,260 cards in all. Each of 
these cards has punched on it the appropriate scores for all the occupational 
scales. The scores for each item have been predetermined by percentages, being 
weighted according to the responses of a criterion group of men successfully 
engaged in a particular occupation. The weights range from 0 to 30.* When a 
blank is scored, cards are taken from the file corresponding to the circlings on 
the blank. (Cards ean be “pulled” for approximately five blanks an hour.) 
The cards are then run through the tabulator and totals for nine scales recorded. 
They must be run through twice more to obtain the totals for twenty-seven 
scales. When this has been accomplished, the cards are run through the sorter 
and finally returned to the file to be used again. 

At Stanford we have found twenty-five duplicates sufficient, thus employing 
31,500 cards in all. The cards are kept in open files 15"xl0%" with two 
partitions 15" x 4" that run longitudinally. Heavy cardboard dividers keep 
the cards separated. These are deeply notched so as to fit over the two par¬ 
titions. The assistant pulls out with his right hand the like, indifferent, or 
dislike card, according as the blank is marked opposite item one, and places 
it on the table, while with his left hand he pulls the first divider forward, 
exposing the cards for item two. This is repeated for the 420 items. 

Second Method (special attachment)** 

A tabulating card (See Fig. 160) is provided for each question, there being 
420 complete to a stack. Each card is pre-punched serially, having in addi¬ 
tion the appropriate like, indifferent, and dislike scores for nine occupations. 
To realize results on twenty-seven occupations, there must be three sets of 
420 cards each. 

The operator tabulates by means of a three-key control box which is set 
on the reading board of the printer machine. Each button is designated as 
a like, indifferent, or dislike key respectively. By running the eye down the 
blank and depressing one of three keys for each answer, the complete like, 
dislike, or indifferent scores for nine occupations are added into the five 
counters of the machine through the medium of three-field selection relays. 
The card count and one occupational score is tabulated in Counter No. 1. All 
other counters each carry scores for two occupations. 


»As the less expensive types of Hollerith equipment cannot conveniently handle negative 
weights, 15 is added to the weights as printed on the Scales, published by the Stanford Uni¬ 
versity Press, so that all weights will be positive and will range from 0 to 30 instead of from 
—15 to +15. 

** See Fig. 22, page 19. 
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Fig. 160 * 


There is no machine wiring necessary for the scoring. The set-up is ready 
for use by merely turning a switch which deviates the tabulator from normal. 
By test under actual working conditions the average tabulation speed is about 
130 cards per minute running time. Approximately 32 blanks covering 27 
occupations can be completed, scored and registered in an eight hour day. 


* The card above was sketched to illustrate the column arrangement tor punching. The cards 
actually used are standard blank forms. (IBM5080.) 
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PART V 


Applications in Psychology and Educational Research 

CHAPTER Y 

Analysis of Intelligence Test Scores 

(In connection with the revision of the Stanford-Binet) 

By 

Dr. Lewis M. Terman 
Dr. Maud A. Merrill 

Department of Psychology, Stanford University 

TN recent years tabulating machine equipment has been extremely useful in 
facilitating statistical work in the standardization of various kinds of psy¬ 
chological and educational group tests. Its value for the standardization of 
an individual intelligence scale of the mental age type has had no oppor¬ 
tunity to become established. 

The Revision of the Stanford-Binet has accumulated data over a period 
of five years which require extensive treatment. The individual tests must 
first be studied in order to eliminate those which are not satisfactory tests of 
intelligence. For this purpose we must determine whether a test increases 
rapidly and regularly in the percent passing it from year to year; and whether 
bright children have a higher degree of success on it than dull children. We 
also need to determine the age at which the test will be placed. It is important 
to know the effect upon the individual test of such factors as locality, rural 
versus urban environment, educational achievement, sex, etc. Each test must 
be correlated with each child’s performance as a whole. 

When the tests have been studied individually and the final selection made, 
they can be rearranged into a permanent scale. The total scores must then 
be converted into mental ages, and median mental age made to equal median 
chronological age for both forms. The two forms mush be made comparable. 
In order to test the validity and reliability of the scale other factors must 
be investigated. The distribution of I. Q.’s must be found. It is essential to 
compare the intelligence level with the socio-economic level, with sex, location, 
school grade, and with scores made on other intelligence tests. The point} of 
mental maturity must be determined. It is desirable to have some factor 
analysis. We must also compare the first form given a child with the second 
form given, as well as the same form given first against given second. Other 
reliability criteria must be applied. It is of value to have the data in such 
form that related studies can be made, such as investigation of the influence 
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of nationality background, sibling relationship, and the effect of different 
age-grade systems. 

Having arranged two tentative forms of the scale, a sampling of children 
was secured in representative localities throughout the United States. About 
3200 unselected children ranging in age from 18 months to 18 years were given 
both forms of the test, making a total of 6400 test blanks. After the scoring 
standards were established and the test blanks scored, all the necessary informa¬ 
tion was transferred to Hollerith cards. The tests, some 400 in number, were 
divided among 9 cards for form L and 8 cards for form M. Certain constant 
identifying data appear on each card, as well as on the master card. The 
average number of cards punched for each child is about 10, including the 
master card on which appear the constant identifying data, together with 
further individual data. Room is also left for punching in of successive 
scores as the scale needs shifting. No special card forms were printed, blank 
cards being found preferable for our purpose. 

As a detailed example of the method of punching and coding, one card 
is illustrated, as well as the corresponding pages of the Stanford Revision Binet- 
Simon scale, Figs. 161 and 162. 
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Fig. 161 


Columns 2 through 12 are constant identifying data appearing on every 
card for this child, and were punched on the duplicating card punch. Column 
1 indicates that this is Card number 6, which in the L series contains the tests 
grouped at Year X and XI. In Columns 2, 3, and 4 is punched the child s 
case number, which is further identified by the chronological age punched in 


columns 5 and 6. 

The age code used is as follows: 


iy 2 years 

—51 

4 years — 

04 

8 years 

2 

02 

5 

05 

9 

21/2 

52 

sy 2 

55 

10 

3 

03 

6 

06 

11 

3y 2 

53 

7 

07 

etc. 
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Fig. 162 —Sample pages from Stanford Revision Binet-Simon Intelligence Tests 








The sex is punched 0 for boys, 1 for girls, in Column 7. 

Grade, Columns 8 and 9, is coded: 

00—Kindergarten and Pre-Primary 
01—First Grade and Primer 

02—Second Grade, and similarly through 08—Eighth Grade 

09—Ninth Grade, or First Year H.S., or last year Junior High School 

10, 11, 12—second, third, or fourth year H.S. 

14— Preschool 

15— Nursery School, Day Nursery 

16— Special Class, Opportunity Room, etc. 

17— Part-time School, Continuation School 

18— Out of school with H.S. completed 

19— Out of school without completing H.S. 

20— Post-graduate work in H.S. 


Columns 10 and 11 contain locality, from which can be obtained a rural 
vs. urban distribution, as well as locality. Coded: 


00—San Francisco, California 

01—Denver, Colorado 

02—Richmond, Virginia 

03—Atlee, Virginia 

04—Kansas and Missouri (Urban) 

05—Kansas and Missouri (Rural) 

06—Kentucky 

07—Indiana 

08—New York City 


09—White Plains, New York 

10— Randolph, Vermont 

11— Los Gatos, Calif. (Urban) 

12— Minneapolis, Minnesota 

13— Bloomington, Minnesota 

14— Reno, Nevada 

15— San Antonio, Texas 

16— Redwood City, California 

17— Los Gatos, Calif. (Rural) 


Each of the seven examiners receives a code number appearing in Column 
12. Column 13 indicates to which form (L—0, M—1) this card refers, giving 
a means for machine sorting of forms. Column 14 indicates whether this form 
was given the child first or second. Columns 15 through 45 cover the indi¬ 
vidual tests grouped under Year X, and Columns 46 through 63 the tests for 
Year XI. Under the test section of the card the first card allotted to a test 
is punched for the child’s success or failure, coded: 

0—test failed 

1—test passed 

7— test assumed failed, or a recurring test’ failed at this level 

8— test assumed passed, or a recurring test passed at this level 

9— spoiled or omitted test 


The first column for each test is used in summing the child’s individual 
total score. The following column or columns give the detailed information, 
largely coded, from which the study of the test itself is made. Much of this 
study of individual tests can be accomplished on the card counting sorter. The 
tabulator is used to get the data of the hundreds of item correlations necessary. 
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In Column 70 is punched a special code to designate an earlier form of 
the scale. Columns 71 to 79 inclusive are reserved for punching in total 
scores for L and M singly and combined, derived by printing the success 
columns on the printing tabulator. Column 80 is used to facilitate the as¬ 
sembling of all of the cards of an individual child. That card in the series 
which represents the child’s first card is punched 1, and the last card for 
that child is punched 9. If a child’s range is so limited as to be covered on 
one card, that one card is punched 5. 

These data have been thus recorded on 30,000 cards, each being verified 
as soon as punched. 
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PART V 


Applications in Psychology and Educational Research 

CHAPTEE VI 


The Scoring and Analysis of Free Association Tests 


By 

Truman L. Kelley 


Professor of Education, Graduate School of Education, Harvard University 


rp HE free association test consists of a stimulus word shown or spoken to 
the subject who responds, generally by writing, with the first word that 
comes to his mind. The particular test used had 198; stimulus words and was 
given to junior high school pupils. Such responses may be investigated with 
reference to their connection with any ability or character trait for which an 
independent measure is available. Eight such independent measures for some 
800 junior high school pupils were available in this study, namely: Courtesy, 
Fair Play, Honesty, Loyalty, Poise, Mastery, Regard for Property Rights, and 
School Drive. The purpose of the study was to determine how responses were 
to be scored in order to obtain measures of these eight traits based upon the 198 
responses given by each pupil of this group, and second, to use the appraisals 
of responses thus obtained as a scoring scheme so that new pupils could be scored 
for these eight traits upon the basis of their responses. 

Since the number of different responses to a single stimulus word for the 
sample of nearly 800 ran from about 40 to 80, with an average of about 50, it 
would seem that 10,000 (50 x 200 = 10,000) different responses had to be 
investigated, and that to each response it was necessary to attach 8 different 
trait scores. This is a formidable undertaking by any means. With the aid of 
80 column Hollerith cards, and by grouping certain similar responses, and group¬ 
ing into a “unique” class all responses given but once, it was found possible 
to reduce the number of responses investigated for each stimulus word to 46 
or less. For each stimulus word these were numbered, and the number of the 
response punched in two columns corresponding to the stimulus word. Upon 
the same card in designated columns were punched the eight character trait 
scores. The sample reproduced on the following page, Fig. 163, is illustrative. 
The first six columns contain general information as to age, school grade, etc., 
the next eight contain the eight character trait scores, and the next sixty-six 
contain the response numbers for responses to 33 stimulus words. Six such 
cards were used to provide for the entire record, the first 14 columns on the 
last five having been duplicated from the punchings on the first card by means 
of a duplicating punch. The edges of the six cards were colored with different 
inks to facilitate proper handling. 
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To illustrate the procedure we may consider the punching in columns 15-16 
corresponding to the response to the first stimulus word, which was “ride.” 
The cards were sorted upon the basis of these two columns, and each pile run 
through a tabulation printer which recorded the sums of the scores separately 
on columns 6 to 14. For example (hypothetical), the pile giving the response 
“fast” to the stimulus “ride,” consisting of 80 cards, is run through the 
tabulation printer, yielding totals for columns 6 to 14 of 


430 

384 

295 

314 

184, 

411 

255 

284 

and averages 

of 







5.4 

4.8 

3.7 

3.9 

2.3 

5.1 

3.2 

8.5 


which values, after deducting the mean and making an allowance depending 
upon the number of cases giving the response, and retaining to a single digit, 
constitute the credits or scores attached to the response “fast” for the 8 char¬ 
acter traits respectively. This illustrates the manner in which the scoring 
scheme was built up. We will now mention how the Hollerith method was used 
to facilitate the scoring of the responses of an individual pupil. 

The 8 scores coming from the 8 averages above are: 

2211 —1 200 

These 8 scores are punched on a short Hollerith card as illustrated in Fig. 164. 
The left end of the card is used for the punchings corresponding to a second 
response (next alphabetically) to the same stimulus word. Thus 23 cards 
provide for the not-exceeding 46 response scores for each stimulus word. The 
23 cards were filed in a folder, the compartments so staggered that the response 
words were at all times visible. In scoring the 198 responses of a given pupil, 
the operator would note the first response, find the card giving it, withdraw it 
from the staggered folder, insert (if a B-response, first turning the card end for 
end) into a specially constructed reading unit of the tabulating machine, and 
press a lever. As a result of this the 8 scores are recorded in the appropriate 
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Fig. 164 


columns of a tabulating printer. The card is then replaced and the folder 
containing the 23 cards flipped forward so that the next folder is revealed. 
The operator notes the response to the second stimulus word and proceeds as 
before. Having run through the 198 responses, 8 printed totals result, giving 
the subject’s 8 character trait scores. 

This method of scoring was about 2times as rapid as manual scoring, 
and undoubtedly more accurate, but even so the time cost, 25 minutes per pupil, 
is not sufficiently low to make the character test scores from this free association 
test as inexpensive as are most achievement test scores. 
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PAET VI 


Applications in Medical Research and in Hospitals 

CHAPTER I 

Hospital and Clinical Statistics in General 

By 

Halbert L. Dtjnn 

Director of University Hospital and Professor of Medical Statistics, 

University of Minnesota. 

HP HE adaptation of modern tabulating machinery to the needs of hospital and 
clinical statistics and the use of statistical technique in the analysis of such 
data are as yet comparatively new and untested methods for the hospital 
administrator and the clinician. Many experiments have been attempted in 
the last decade to adapt tabulating machinery to the needs of medicine. With¬ 
out doubt, mechanical tabulation will play a highly important role in the future 
advance in clinical research as well as in hospital administration since it in¬ 
troduces a powerful coordinating element into modern medicine which will 
strengthen and tend to draw together all of its integral branches. 

The average physician or medical investigator views the subject of hospital 
and medical statistics as a highly specialized field of medicine. Even those who 
work in the field usually approach it from a somewhat narrow viewpoint—such 
as tabulation problems or technical statistical analyses. It is the intent of this 
chapter to give a panorama of the entire field of statistics as applied to medicine 
and hospitals, to delineate the major divisions of the subject in an attempt to 
define the range and boundaries of this field as well as to describe specific appli¬ 
cations of Hollerith tabulating machinery. 

Whether the facts gathered in hospital records are reliable or not, it is obvious 
that an enormous amount of such information is gathered by any large hospital 
and that this wealth of accumulated knowledge is more or less sterile at the 
present time due to the lack of a systematic record plan. A large portion of 
the present knowledge of disease has come from the bedside notes of the phy¬ 
sician. Even before the comparatively recent development of laboratory pro¬ 
cedures in medicine, the clinical record furnished the cornerstone for the advance 
in medical knowledge. With the coming of modern scientific medicine, the 
necessity of recording an increasing number of quantitative facts has made 
adequate record notation indispensable. 

Hospital and medical statistics may be defined as the process of collection, 
tabulation and analysis of the sum total of administrative and clinical facts 
gathered upon the patients in the hospital. The goal toward which hospital 
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statistics should be directed is the integration of all these various types of facts 
in order to make possible better administration, to advance the knowledge of 
medicine and to bring about better care for the patient. 

The Responsibility for the Collection of Hospital Statistics and 
the Reliability of Facts Collected 

There is an administrative, nursing and clinical responsibility involved in 
producing an efficient system of hospital records. In general the various types 
of statistics to be gathered fall into five broad categories—clinical diagnoses 
and findings, factors concerning census of the patient population in the hospital, 
records of services rendered by various hospital departments, knowledge con¬ 
cerning hospital personnel, and data of various financial elements which are 
essential for hospital administration. In connection with all of these various 
types of statistics which are gathered, the reliability of the facts themselves 
comes under constant question since the analyses and conclusions drawn from 
the statistics can never be better than the original data which are gathered. 
This is true of both administrative and clinical statistics. When clerical help is 
used, one must be constantly on guard for discrimination by the patient against 
the questions of a lay person. Even in such questions as age, financial status of 
the patient, or occupation, it will be found that a clerk frequently has difficulty 
in eliciting the same type of information that' the doctor receives upon careful 
questioning. No one has systematically studied the differences among answers 
obtained from the patient by the doctor, intern, nurse, or resident taken inde¬ 
pendently on the same patient. Numerous experiments along this line which 
have been tried by the author disclose disturbing discrepancies. Since the re¬ 
sponsibility for obtaining facts must be shared by the administrative, nursing 
and medical staff, it is found advisable to place as much of the burden on the 
administrative clerical force involved with the admittance, discharge and record 
room as possible, and place the burden of all other items, except those which 
can be done only by the staff, upon nursing. This involves the clinical staff 
with the minimum amount of notation and frees the doctor’s time for care of 
patients. However, there are certain data in the clinical record for the gather¬ 
ing of which it is necessary for the physician in charge of the case to accept 
the responsibility. These involve as a minimum, a statement by the physician 
in charge upon entrance of the patient, a check up of the findings of the intern, 
notation of staff progress notes throughout the stay of the patient in the hos¬ 
pital, and a discharge statement of instructions to the patient together with 
final diagnoses. It is not possible for the nurse, intern, or clerk to take over 
these functions from the clinical staff except in as much as they might write 
down what is directly dictated. 

Dr. Caroline R. Martin, in the Central Medical Statistical Bureau of the 
Department of Hospitals in the City of New York,* feels that considerable 
advance can be made if a well-trained, high type of record historian is intro¬ 
duced into the scheme of record taking. She pays particular attention to train¬ 
ing an applicant for. such a position, requiring as a pre-requisite the training 

♦ “Hospital Medical Statistics.” By Caroline K. Martin—Lippincott & Co. 1933. 1-89. 
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of a graduate nurse, a college degree or its equivalent, and a demonstration of 
executive ability in previous work. With such personnel she seeks to develop 
a type of record historian with sufficient knowledge and background to intelli¬ 
gently interpret records and determine their completeness. Undoubtedly, such 
trained workers help considerably to gain the cooperation of the clinical staff 
in completing the necessary part of the record which can only be supplied by 
the physician in charge of the patient. Dr. Benjamin Hoyer and Dr. A. Graeme 
Mitchell of the Children’s Hospital, Cincinnati, Ohio (1929),* feel “that the 
resident staff is practically the keystone around which a good system of records 
for better study is built and a record for such purposes is as good as the recog¬ 
nized ability of its least efficient member.” Dr. T. R. Ponton for years con¬ 
ducted a weekly meeting of his heads of departments at Hollywood Hospital, 
Los Angeles, at which they criticized all records of the hospital of those 
patients which had been discharged the preceding week. Without question, 
some device is necessary if the variety of interests concerned in hospital rec¬ 
ords—those of the doctor, intern, nurse, administrator, accountant, bookkeeper, 
record librarian, social service worker—are to have their activities correlated to 
a degree which will develop record consciousness in the various hospital groups. 

Perhaps the most important and most neglected element which should be 
considered in the accuracy of facts entering the hospital record is the patient 
himself. Patients are extremely variable in their mental ages, sociological back¬ 
grounds and degree of illness. All of such factors should be taken into con¬ 
sideration if the goodness of the facts which the patient renders to the ques¬ 
tioner is to be evaluated. In order to demonstrate how much variation there 
is in the same patient concerning answers given to the clinician, an experiment 
was conducted in which two staff clinicians attempted by independent efforts 
and combined efforts, employing both direct and indirect questioning, to elicit 
the true description of the type of abdominal pain felt by a certain patient 
suffering from peptic ulcer. After persistent trials over five or six days, the 
patient’s story finally became consistent. Whether the consistent description 
finally arrived at represented the accurate description, there was no way to 
verify. It is certainly true, however, that if this patient had been questioned 
in the routine manner, the accuracy of the first description as given by the 
patient and placed on the record would never have been doubted. 

Definition of Terms and Nomenclature 

Having arrived at the conclusion that hospital statistics can be no better 
than the facts from which they are derived and that no amount of high-powered 
mathematical analysis will replace or serve to differentiate inconsistencies and 
inaccuracies in the original data, it is necessary to examine those elements that 
have to do with the definition of terms and nomenclature of diseases, surgery, 
and therapy which serve as the terminology for the data involved in hospital 
statistics. 

The definition of those facts gathered for administrative purposes offers 

* “Records and the Record System of the Children’s Hospital, Cincinnati, Ohio.” By Benjamin 
Hoyer and A. Graeme Mitchell—Methods and Problems of Medical Education, Rockefeller Founda¬ 
tion, 14th Series, 1929. Pp. 151-207. 
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less difficulty than those involved with nomenclature of disease and surgery. 
However, even in this rather clear-cut administrative field, there are many fac¬ 
tors which should be definitely defined and which at present are not so defined. 
For instance, the most common unit to compare cost information between hos¬ 
pitals is the so-called per-diem cost. In a study conducted by the various 
University Hospitals in the middle west region, variations in the per-diem cost 
between the several University Hospitals were discovered to be very largely due 
to differences in definition of the elements incorporated in the per-diem cost 
figures. One institution, for example, did not include heating because the steam 
was metered and supplied by the University without charge. Another institu¬ 
tion found that a considerable element of its per-diem cost was involved with 
carrying certain expenses in connection with bonded indebtedness which did 
not exist in the other institutions. In some instances, school charges for teaching 
were levied against the school, in others against the hospital. The conclusion 
is unavoidable, that even in institutions of practically the same type and char¬ 
acter, per-diem costs can not be compared unless clear-cut definitions exist as 
to exactly what elements should go into these costs. 

From the clinical standpoint, definition of terminology and an appreciation 
of the function of nomenclature of disease is essential for indexing or tabulation 
of clinical statistics. A tremendous amount of effort has been expended over 
the course of the last hundred years to bring about consistency in medical 
nomenclature. The last major effort of this type in this country resulted in 
the production of a Standard Classified Nomenclature of Disease compiled by 
the National Conference on the Nomenclature of Disease. 

Since the whole problem of medical nosology is the basis of the clinical side 
of hospital statistics, it is necessary to appreciate the various elements and 
problems involved in this subject. Clinical nosology consists of four major 
divisions; first, definition of disease entities; second, nomenclature of diseases 
or the assignment of appropriate names which are acceptable to those that use 
them; third, classification of terminology in some methodical or convenient 
order; and fourth, adaptation of an appropriate coding system of nomenclature 
and classification of disease which will best serve the statistical function of cross¬ 
index and the tabulation of data collected in the clinical record. 

The definition of disease entities and of surgical and therapeutic procedures 
is the first function of medical nosology. At present the dictionary offers the 
only means to meet this need. In a subject advancing and changing with the 
rapidity of medicine and surgery, it is difficult to keep definitions abreast of 
new usage and significance. Lexicography is not a science which plans new 
words for the future; it is merely a record of the past and a device to be used 
to bring about a certain amount of standardization in speech. Not only is 
clinical terminology constantly expanding in the use of new terms but old words 
take on new senses, while others descend into disuse. The medical scientist is 
continually forced to extend accepted terminology in order to express new 
concepts and meanings. At best, definitions of terms in a progressive science like 
medicine must always be provisional. At present the only useful clinical method 
of defining diseases seems to be by the distinction of particular diseases in terms 


244 



of the occurrence of more or less constant combinations of symptoms and physical 
findings presenting themselves in succession over a period of time. This method 
serves to list the leading characteristics of one disease which distinguishes it 
from every other. Objections are leveled against definitions of this type on the 
ground that disease entities are variable in character. Such objections have been 
overcome in many instances as the advance in knowledge of scientific medicine 
brings to light more specific characteristics. Consequently, the definition of dis¬ 
ease serves not only a nosological function but also renders the diagnoses them¬ 
selves more perfect. Pathologists in particular frequently object to the employ¬ 
ment of symptomatology in definition of medical terminology believing that such 
definitions should be derived from the internal pathological condition underlying 
the external phenomena of the disease especially for those conditions involving 
lesions found at autopsy. Definition of disease entities by their causes is advo¬ 
cated by others and yet this method also leads to error in as much as causes 
are disputable and even when known are frequently co-dependent on numerous 
contributory causes. Whatever principle is used in the definition of disease, 
it is essential that the definition be independent of theory and tied to factual 
findings. We must probably be content with methods of definition which best 
serve the practical purpose of correlating the average picture of the disease to 
the accepted modes of expression and be willing to permit a considerable amount 
of collateral description to be included when the definition can not be made 
sufficiently complete by a single concise phrase. 

The selection of the best name for a given disease entity is the function 
usually ascribed to medical nomenclature. Differences of opinion exist as to 
the proper basis for selection of the best name. The following methods have 
been used at one time or another. The name of the author first describing the 
condition, e.g., Baynaud’s, Becklinghausen’s; the most characteristic symptom 
of the disease entity, e.g., melancholia, spasmophilia; the name taken from the 
part affected together with the most characteristic symptom, e.g., angina pectoris, 
otalgia; a description of the morbid appearance or change in the tissue, e.g., 
hepatitis, appendicitis; a direct relationship to the causative agent, e.g., lead 
poisoning, sunstroke, tuberculosis; analogy of the condition to external objects, 
e.g., elephantiasis, polypus, etc. With advance in medical knowledge many 
terms which have been regarded as disease entities have proven to be either a 
combination of several conditions or a symptom of numerous conditions. This 
means that no clear-cut boundary line can be drawn between the name of a 
disease and a symptom, the one merging into the other. 

In view of the confusion existing in nomenclature and the passion for 
invention of new terminology, it would seem advisable to effect if possible a 
systematic clearance of new names through some recognized and approved 
central agency such as the National Committee on Medical Nomenclature which 
could serve the purpose of correlating the new name as an appropriate approved 
or non-approved subdivision of some established and recognized category for 
the tabulation of disease. This precaution would at least prevent confusion by 
establishing the position of a new term among those which have been accepted 
by the collective mind of the medical profession. 
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Classification of disease lias been and continues to be a battle ground for 
the conflicting interests and desires of various medical groups. The Standard 
Classified Nomenclature of Disease recommends a dual classification—first an 
anatomical depending on the site of the disease and second, an etiological. The 
anatomical begins with the body as a whole and proceeds through the different 
anatomical systems while the etiological is subdivided into those diseases the 
cause for which is clearly known, those which can be attributed to a secondary 
cause and those whose cause is entirely unknown. Bach disease entity is made 
up, therefore, of two component parts, the site and the etiological factor, because 
every disease is considered to be the result of a cause acting in some organ or 
tissue. 

While this seems simple enough as a general outline, it does not seem possible 
to distinguish all clinical entities clearly on this basis alone. For instance, 
chronic osteomyelitis and acute osteomyelitis are distinguished not by etiology 
or anatomy, but by the duration of the pathological process; pulmonary tuber¬ 
culosis, multiple tuberculous abscesses of the lung, and tuberculous pneumonia 
are three distinct entities that have etiology and anatomy in common. 

There have been a great many classifications of disease entities used by the 
medical profession in the course of the last hundred years. Bach has arisen 
from the desire to arrange the nomenclature in the most natural order possible 
for convenience and facility of usage. However, there does not seem to be any 
one most natural order for all purposes because the aims of the various groups 
themselves are at variance. It is true that for any special purpose it is possible 
to arrange terminology to a best advantage and it is the legitimate right of the 
person or group interested in such a purpose to re-arrange or re-classify in a 
way which will best serve the object in view. Classification is only a method 
of generalization and logically there should be as many “best” classifications 
as there are purposes to be served by such. Consider the different viewpoints 
of those concerned in the use of a medical nomenclature: the physician, the 
surgeon, the pathologist, the therapeutist, the anatomist, the embryologist, the 
bacteriologist, the physiological chemist, the physiologist, the medical jurist, 
the army or naval officer, the hospital administrator, the medical statistician, 
etc. The reason for selection of some one classification depends upon the fact 
that men differ in their estimation of the value of various classifications because 
their purposes vary and because the consideration of the facts is not regarded 
from the same point of view. Any one plan must of necessity be artificial since 
it is arranged to elucidate or support a given theory or to attain a definite end 
and consequently the most that can be hoped to be achieved is a limited inter¬ 
pretation of a particular viewpoint. 

Since there can as yet be no one classification which leads to a natural 
classification based on the mutual interrelationship of disease entities and which 
will agree with all facts known or unknown as they exist in nature, it is unwise 
to attempt to fix too rigidly any one classification. The classification accepted 
for general usage should not be linked to the method of cross-indexing in such 
a way that it denies the physician the right to obtain those records in which 
he might be interested, regardless of his viewpoint or his purpose. Every plan 
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or suggested rearrangement of disease by any medical investigator should be 
accepted for what it is worth and evaluated according to the manner in which 
it fulfills the object for which it is devised. 

The progress of medicine will be advanced by establishing useful, broad 
classifications if the classification scheme itself is not allowed to throttle new 
attempts at reclassification and study. The tool by which classification can be 
retained and at the same time not be allowed to throttle the flexibility or the 
availability of the records in the hospital cross-index, will be found in the inven¬ 
tion of a flexible coding system, the numbers of which will be linked to the 
definitions of the terminology rather than to the unit of classification of such 
terminology. 

A satisfactory coding system should fulfill the following functions: it should 
permit of no variation in judgment as to how the clerk may assign a code 
number to a given medical term; it should eliminate differences in coding of a 
degree of fineness, the differentiation of which would lead to a conflict of opinion 
between physicians; it should be grouped into major and minor numbers, the 
major numbers consisting of broad categories suitable for tabulation and com¬ 
parison of morbidity statistics, the minor suitable for further differentiation of 
these broad categories; it should be adapted to the use of punched card and 
mechanical tabulation; and finally, it should permit almost unlimited expansion 
for new terms without the destruction or replacement of code numbers already 
existing for terms in active use. 

Before any system of nomenclature can be considered to be adequate for the 
needs of both clinical and statistical medicine, it will be necessary to construct 
a cross-index guide for the use of both code and nomenclature. To be effective, 
such a guide will probably evolve along the general lines adopted in Roget’s 
International Thesaurus, which by means of its index guide and its prominent 
key words serves to relate each word to synonyms, to closely related words or 
phrases, as well as to antonyms. Only with the completion of such a mechanism 
will all the records on any given clinical subject be made available to the phy¬ 
sician or medical investigator. 

Record Forms and Methods of Collection of Data 

Record forms are essential for the collection of data which are to be used 
for purposes of administrative control, analysis, or medical research. Sugges¬ 
tions for record forms and standardized accounting technique in hospitals have 
been made and advocated for the past twelve years by a sub-committee of the 
American Hospital Association. The report of the council’s Division on Hospital 
Accounting of the American Hospital Association convention of September, 
1933, summarizes the unsatisfactory condition existing at present in the admin¬ 
istrative and financial records of hospitals. 

“The purpose of the Division on Accounting is, of course, to reconsider the 
question of hospital statistics and accounting, for although much excellent 
work has been done by various committees in the past, it is felt that there still 
remains much confusion in the hospital world in the matter of comparative 
costs, distribution of expense, unit costs of services, etc. Unfortunately, the 
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recommendations of the former official committees on accounting were not fol¬ 
lowed up by representatives of the American Hospital Association and such 
recommendations did not receive general adoption in the field. The growth and 
increased complexity of hospital services in the past decade is another factor 
which has led to an increased need for a study and revision of principles and 
practices of hospital accounting and a further attempt at uniformity and stand¬ 
ardization. Indeed it is doubtful if any business comparable in size and impor¬ 
tance to the hospitals of this country would tolerate such a chaos of accounting 
peculiarities as exist today in our institutions. Individualism has run rampant 
and the smug complacency of administrators, combined with the apathetic atti¬ 
tude of boards of trustees, has made almost impossible the intelligent appraisal 
of a hospital balance sheet and statement of financial operations. 

‘ 1 During the past few years, however, the public and the organizations which 
represent the public have become more critical of the vagaries of hospital finance 
and they have also become more articulate in their demands for more definite 
details of income and expense in the institutions which serve them. They are 
not content to believe that charity should cover a multitude of accounting sins 
and are more and more insistent that a hospital, while not a business, must at 
least be run in a business-like manner. . . . 

“In dealing with the subject of periodic financial reports, it is believed that 
these should include: 

(a) Balance sheet 

(b) Statement of income and expense 

(c) Unit costs and unit incomes for each of the important professional 
services. 

They are inclined to the view that the financial records should maintain income 
and expense accounts, insofar as possible, on the accrual basis rather than on 
the basis of cash receipts and disbursements. 

“In the suggested principles or criteria of an acceptable system of statistics 
and accounting for hospitals, the opinion is advanced that a uniform classifica¬ 
tion of accounts should: 

(a) Be simple. The accounts should be relatively few in number and 
of such nature that they apply to hospitals generally, regardless of 
size, location, special function, or policy. 

(b) Be elastic. The basic uniform accounts should be, selected with a 
view to sub-classification by hospitals requiring more detailed in¬ 
formation. 

(c) Be based upon hospital organization—that is, the administrative units 
of the hospital, with sub-classifications for the types of commodity 
or service. 

(d) Be arranged to facilitate the apportionment of income and expense 
to the various professional services. Hospitals should adopt uniform 
bases for allocation of expenses and income, and uniform definitions 
for unit costs and income. 

(e) Be accompanied by a ‘budget system’ which predicts and fixes ad¬ 
ministrative responsibility for financial transactions.” 
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The collection of clinical data for purposes of cross-index analysis and 
research also depends to a great degree upon the use of record forms adapted to 
the needs of tabulation of statistical analysis. The Committee of the American 
Hospital Association on clinical records after four years of study submitted at 
the September meeting of the Association in 1933 a specific list of recom¬ 
mendations as to the type of record forms which should be used in two fields, 
namely the general history of the patient and a system of records to be used 
in the Out-Patient Department. In all, they recommended and demonstrated 
35 record forms in their report. The titles of these record forms are as follows: 
Statistics card, Admission Order, Graphic Chart—4 hour, Graphic Chart— 
blank, Nurses’ Record of Treatment and Systems, Doctor’s Orders, Orders for 
Treatment, Minor History, Report of Minor Operation, History, Physical Exam¬ 
ination, Progress Notes, Consultation Record, Radiological Consultation, Labora¬ 
tory Report Sheet, Report of Operation, Report of Anesthesia—2 sides, Accident 
Report, Autopsy Report, Permit to Operate and Give Anesthesia, Release from 
Responsibility for Discharge, Release from Responsibility for Abortion, Autopsy 
Permit, Social Service Report, Summary of History—OPD, Identification Card, 
Appointment List, Appointment Card, Requisition for Medical Record, Index 
of New Patients Admitted to Services, Index of Nationality of Patients, Index 
of Residence of Patients, Index of Age and Sex of Patients Admitted, Monthly 
Summary of Visits to Services, Disease Index, Monthly Report of the Out- 
Patient Department. 

Principles Involved in Collection and Use of Medical Records 

All medical records can be divided into two general types, the c lini cal 
record and the medical data sheet. Any other type represents a compromise 
between the two extremes. The clinical record is defined as a sequential statement 
of the important facts about a patient’s condition and physical findings while 
a medical data sheet is defined as a record form adapted for the notation of the 
patient’s history and physical findings suitable for statistical tabulation and 
analysis. The clinical record must fit the needs of the busy doctor in his relation¬ 
ship with his patient while the medical data sheet must fulfill the qualifications 
of a scientific record with respect to completeness, accuracy, and ease in notation 
and tabulation of facts. It is true that statistical tabulations can be made from 
both the clinical record and the data sheet, although lack of completeness in 
notation of facts and expense involved in the extraction of data from the clinical 
record makes this type of record unsatisfactory for most statistical purposes. 
The primary consideration in good history-taking, from the standpoint of the 
physician, is to obtain the essential facts at the expense of the non-essential. Dr. 
Raymond Pearl (1921)* expresses the dissatisfaction which the statistician feels 
toward the clinical record. “From the standpoint of scientific routine record¬ 
taking, case histories are most glaringly defective in what they fail to record 
about the patient. It is by no means impossible to find case histories that fail 
to record the sex of the patient, while any indication of what kind of person 

• “Modern Methods in Handling Hospital Statistics,” Raymond Pearl. Johns Hopkins Hospital 
Bulletin, Vol. XXXII, No. 364. June 1921. 183-194. 
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the patient was, in the common sense of the word, whether fat or lean, white 
or colored, rich or poor, young or old, etc., is all to frequently kept a deep secret 
from any subsequent reader of the history. Again, even in the special medical 
portions of the history the writer forgets, with almost unbelievable frequency, 
to make any record of highly important facts. 

“The root of such difficulty apparently lies in the method by which case 
histories are written. The general scheme or outline which a history is to follow 
resides, far too often, in the head of the history writer, and there only. And 
heads, especially of human beings, do vary so! The remedy is patent. Any 
hospital or service that desires to put its clinical records on the most scientific 
basis will, as a first step draw up and have printed a series of standard history 
forms, which will cover not merely general routine facts common to all diseased 
conditions, but special forms as well, for at least all of the more frequently 
occurring conditions. These blank forms will contain definitely indicated spaces 
in which some statement of fact absolutely must be recorded in every single 
case. ’ ’ 

Perhaps a tabulation of the principal similarities and dissimilarities between 
the clinical record and the medical data sheet will serve to make clear the diffi¬ 
culties involved in any attempt to fuse these two types of records or to use data 
extracted from the clinical record for statistical tabulations. (See table on 
opposite page.) 

This tabulation of essential differences and similarities between the purely 
clinical record and the medical data sheet brings out the fact that the important 
requirement from the standpoint of the clinician is to obtain continuity in the 
record, which, when taken in conjunction with the necessity for expansibility 
and adaptability of the record to the multitudinous conditions and findings in 
the patient, necessitates elimination of the collection of non-essential information 
in the record. 

Certain sheets in the patient’s record are essentially data sheets, others are 
clinical records and still others are a fusion of the two types of records. Almost 
every type of institution has some sort of a sheet for registration and discharge 
data which can be considered to be a data sheet as it has been defined above. 
Admission and discharge information together with provisional and final diag¬ 
nosis and condition on discharge are usually assembled on this sheet. This is a 
logical combination, since these facts are the sum total of what is desired for 
indexing by most hospitals, and since it facilitates indexing by bringing together 
in one place all elements to be indexed. Other records used as data sheets, are 
the clinical laboratory, temperature, and special study forms. The sheets which 
are usually in the form of the clinical record are the general history and 
physical examination, progress notes, nurses’ notes, and X-ray reports. The 
group of records which are midway between the clinical record and data sheet 
are those used by special departments, such as pathological reports, surgical 
and anesthesia records, etc. 

There is no reason why any purely clinical record can not be made into a 
data sheet when it is desirable to study certain kinds of disease conditions. 
For instance, a great deal of effort has been expended by the Association for the 
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Needs to be filled 
by the Record 

1. Continuity 


2. Order and Sequence 


Clinical Record 


3. Conservation of 
notation time. 


4. Condensation in pre¬ 
sentation of facts 
recorded. 

5. Ready yield of 
information 


6. Accuracy 


Medical Data Sheet 


Continuity is a prime essential. Continuity is obtained solely 
It is largely obtained by rough through order and fixation of 
ordering and the elimination of places for given facts in the 
non-essential information. record. 


Only rough order is necessary in Order, arrangement and sequence 
the clinical record except for a are essential. They are obtained 
few basic facts about the patient by fixation of places on the rec- 
which demand fixation of places ord for given facts and the ar- 
on the record. Arrangement of rangement of sheets in the pa- 
sheets in the patient’s record tient’s record, 
helps sequence. 

It is absolutely essential to con- It is desirable to conserve time 
serve the time of the doctor, but if it is not possible to do so 
This end is gained first by shift- except at the sacrifice of com¬ 
ing all possible record work upon pleteness, in the notation of facts, 
clerks or nurses, and secondly, by conservation of time becomes a 
omitting the recording of all non- matter of cost, 
essential medical data. 

A condensed and itemized form A condensed and itemized form 
is desirable. is desirable. 


While this is desirable for essen- This is essential for all facts on 
tial information, it is not neces- the record, no matter how minor, 
sary for information which is of 
minor importance in the patient’s 
condition. 

Accuracy is desirable but is rare- Accuracy is desirable but is fre- 
ly checked. quently not checked except for 

completeness and for apparent 


7. Legibility 

8. Expansibility and 
adaptability 


9. Completeness of 
notation 


Legibility is essential. 


Legibility is essential. 


The ability to expand and adapt The ability to expand and adapt 
a record is very essential to the records is desirable but can be 
physician. obtained only with difficulty since 


physician. obtained only with difficulty since 

it is impossible to prepare a 
blank form which can completely 
satisfy every need for the whole 
history and physical examination. 

teness of A reasonably complete summary Completeness of notation is es- 

n note of the more important items sential in all details which are de¬ 
in records usually suffices. This sired for tabulation. This can be 

can be done by the staff after accomplished only by close cleri- 

discharge of the patient. cal cheek before the patient has 

departed from the doctor’s care. 

Basic requirements of Clinical Record and of Medical Bata Sheet 


Prevention and Relief of Heart Disease (1922) in establishing and attempting 
to popularize an elaborate data sheet for cardiac conditions. Even though this 
association was backed by considerable medical opinion, it did not completely 
succeed in obtaining the adoption of its record. Certain data sheets backed by 
the American College of Surgeons and the American Medical Association, in 
particular their forms for recording fractures and for periodic health exam¬ 
ination, have enjoyed a moderate success. 
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Dunn and Bockwood (1928)* made an effort to throw the more important 
facts in the general history and physical examination into a data sheet. In 
spite of the ease of notation of negative facts, their record obtained no popu¬ 
larity due to the feeling that much of the negative information gathered was 
non-essential. A study of 584 of these records which were taken on patients at 
the Maryland University Hospital from November, 1927, to September, 1928, 
showed conclusive evidence of considerable improvement in the determination 
of the actual facts obtained. In the evaluation as shown in the accompanying 
table, a history record was called good if it was complete except for errors in 
not more than two or three sections of the record, and poor if it contained many 
mistakes and omissions resulting in an accumulation of data of about the same 
order of completeness as that obtained in the average clinical record. 


November 1927—September 1928 



Good 

Fair 

Poor 

Total 

Department 

No. 

% 

No. 

% 

No. 

% 


Taken in Department of Medicine . 

. 81 

29 

98 

35 

99 

36 

278 

Taken by other Departments . 

.... 17 

6 

112 

36 

177 

58 

306 

Total. 

. 98 

17 

210 

36 

276 

47 

584 

November-December 1927 


Good 

Fair 

Poor 

Total 

Department 

No. 

% 

No. 

% 

No. 

% 


Taken in Department of Medicine. 

. 42 

68 

16 

26 

4 

6 

62 

Taken by other Departments. 

. 9 

20 

28 

64 

7 

16 

44 

Total. 

.... 51 

48 

44 

42 

11 

10 

106 


During the experiment there was supervision over the records by one of the 
staff in the Department of Medicine for the time period of November and De¬ 
cember, 1927, while in the other departments there was no supervision at any 
time. It is interesting to observe that completeness of notation in a form record 
of this type could be obtained only two-thirds of the time even with close super¬ 
vision of an interested staff member. As a consequence of this experiment, the 
conclusion was reached that it is futile to attempt to better the clinical record 
by introducing a record form unless the staff members are willing to supervise 
the record taking in order to obtain data suitable for tabulation and research. 

It is an open question whether students should be trained by letting them 
fill out forms as a substitute for a clinical history. It is certainly true that the 
art of where to expand a history and how to question the patient in order to 
get at essential facts about the patients history, and the ability of the questioner 
to expand and frame his questions so that they produce correct and fruitful 
answers, will not be obtained by the use of blanks. At the same time, it is 
probable that a certain amount of fixed order obtained by printed forms would 
result in somewhat better records and in developing an orderly, systematic ap¬ 
proach to the patient by the student. 

* “A Record System Suitable for Both Clinical and Statistical Medicine.” Halbert L. Dunn 
and Reed Rockwood, Arch. Int. Med., Apr. 1928. Vol. 41. Pp. 499-535. 
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It is to be hoped that some compromise between the data sheet and c lini cal 
record can eventually be adopted rather widely throughout the country, at least 
with respect to the routine history and physical examination. If this were 
possible, corresponding records in the various special departments could be 
developed which would dovetail with the general history and physical examina¬ 
tion sheet. It is not to be expected that data sheets will ever replace the clinical 
record forms, although there will be more and more modifications of clinical 
records to meet partially the requirements of the data sheet. Let there be no 
illusion, however, that the clinical record can ever be used satisfactorily for the 
extraction of information for study. This process is expensive and invariably 
results in information totally inadequate for statistical study. In a system 
involving nothing but clinical records, a physician who wishes to study epilepsy, 
for instance, should construct a data sheet, collect records upon his epileptic 
patients, and fill out an approximately equivalent number of data sheets on non¬ 
epileptics for the sake of control. He should carry on such a study until he has 
sufficient data for the statistical analysis which he desires to conduct. 

It would be highly desirable for any physician to have at his command a 
considerable variety of data sheets—at least one for each specialty of medicine, 
so that when he happened on an unusual or rare case he could systematically 
go through and fill out all such data sheets and present to the current medical 
literature case reports which would be truly complete and capable of statistical 
treatment. If a sufficient number of such reports were published to make it 
possible to study the rare disease from the quantitative standpoint, definite 
progress would be made in medical knowledge. 

Routine Tabulation of Hospital Statistics 

It has been previously stated that the type of statistics usually gathered 
by hospitals for the purposes of tabulation fall into five broad categories: the 
clinical diagnoses, findings, and therapeutic procedures, census facts, services 
rendered by various hospital departments, routine records of personnel and 
financial data. 

The administration of the hospital usually necessitates daily, weekly, monthly, 
or yearly reports of some type. No uniformity exists at present in the character 
of these reports. A survey of many such reports indicates the desirability of 
standardization and simplification of this entire subject. In order to obtain 
standardization and simplification simultaneously, it will be necessary to recog¬ 
nize the general principles of tabulation involved, namely, that all facts to be 
tabulated must be divided into three classifications: first, those facts which are 
of sufficient importance to justify daily, weekly, monthly or yearly tabulations 
and which should be studied each time they are collected in order to determine 
any change in their trend so as to insure the hospital administration that mal¬ 
adjustments have not occurred within the institution; second, those which should 
not be tabulated routinely but which should be readily available at all times in 
order that any significant difference in the trends of the facts tabulated routinely 
may be further analyzed to explain the meaning of such deviations; and third, 
those findings which should only be collected and made available for tabulation 
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in connection with special studies and which do not need to be routinely avail¬ 
able at all times. 

It is obvious that if the facts in the first group can be limited to a very few 
in number, the complex picture which is likely to face the hospital administrator 
can be simplified considerably, and yet when necessity arises, he will not be 
handicapped in obtaining an explanation of changes in trends of these critical 
facts if he has data available in detail for a more elaborate study to supplement 
his comparatively simple routine tabulations. Since no routine monthly or 
yearly reports have been accepted and approved by the hospital organizations, 
it is not possible in this article to submit the exact record forms for tabulation 
which should be made monthly or yearly by hospitals. It is perhaps possible 
to point out the general type of facts which should be incorporated in the 
monthly and yearly reports. 

Although a large number of hospitals make some attempt at routine tabula¬ 
tion of clinical facts in the monthly and yearly report, there is considerable 
doubt whether this is desirable. The criteria by which judgment should be 
made is whether such a tabulation of diseases and surgical operative statistics 
will find actual use by either the physician or the administrator of the hospital. 
It is certain that the staff of the hospital will find it essential to have available 
at any time an adequate cross-index in order to obtain the case records of 
diagnoses or operations. Any complete tabulation of the diagnoses and opera¬ 
tions of any institution has little meaning outside of the institution itself unless 
there is knowledge available concerning the character of the patient population 
which comes into the hospital. The accuracy of a generalization of hospital 
morbidity or mortality statistics with reference to the morbidity of the com¬ 
munity as a whole depends entirely upon a knowledge of the type of patient 
population which is admitted to the hospital and how it has been selected from 
the community. Practically every hospital varies in respect to the character of 
the cases which come to it and in very few instances would the character of the 
patient population coming to the hospital coincide with the character of the 
population of the community. In spite of this obstacle, there would probably 
be a real value for hospital morbidity statistics if they could be gathered in all 
hospitals of the state. State-wide hospital statistics would eliminate the differ¬ 
ences existing between the morbidity records of any certain hospital and would, 
therefore, constitute an index of those cases in the community which were 
sufficiently serious to demand hospitalization. Until it is possible to obtain 
generalized reports from all hospitals in the state, hospital morbidity statistics 
will probably have little meaning from the standpoint of general community 
morbidity statistics. 

There are at least two possible exceptions with reference to the statement 
that it is not desirable to routinely tabulate clinical facts in a monthly or yearly 
hospital report. The first exception involves those cases which have died in the 
hospital. Many institutions consider it important to submit an itemized monthly 
report covering all deaths within the hospital. This report interests the physi¬ 
cians of the staff and should be available for weekly or monthly hospital staff 
meeting. In many instances the staff will desire to go into each case in consid- 
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erable detail in order to benefit by self-criticism. The facts to be gathered in 
connection with hospital deaths for record purposes are few in number, viz., 
name, case, number, age, sex, admission date, date of death, service on which 
death occurred, staff doctor in charge, the fact of whether or not autopsy was 
carried out, the name of the operation if surgery was done, and the cause of 
death, together with associated conditions. 

Physicians of the staff who are interested in tracing the reason for a specific 
hospital death will also usually desire considerably greater detail and a check of 
autopsy findings together with a knowledge of the clinical course of the case. 
The only other clinical fact which is routinely gathered by a considerable num¬ 
ber of hospitals is a similar report concerning the unimproved cases which are 
dismissed from the hospital. There is some question whether such a report 
should be routine in character since many of these cases are brought into the 
hospital for diagnosis rather than therapy. Undoubtedly it is worth the effort 
of any hospital staff to occasionally survey all of its unimproved cases. 

The second group of facts which are involved with routine monthly and 
yearly reports are census facts concerning the character of the patients coming 
to an institution. Routine tabulations of census facts could probably be limited 
to a comparatively few in number, such as hospital days within the hospital 
tabulated by department, by classification, by station, type of service together 
with the number of admissions, discharges, or transfers by department and 
classification. If there is an out-patient department in connection with the 
hospital, the number of new patients and re-admissions should be routinely 
tabulated by the department and by classification in order to serve as a measure 
of the activity existing in the out-patient department. 

The third routine monthly and yearly report concerns certain elements of 
control in connection with the numbers and amount of time involved in the 
personnel employed by the hospital. It is probably sufficient for report purposes 
that the numbers of people together with the effective work hours and total 
pay roll be listed by department and class of personnel. It will be necessary to 
have available a personnel card for each individual in order to trace any 
change in trend of personnel factors to the individual involved. 

Another important function for the routine monthly and yearly reports is 
to establish a measure of the load carried by various service departments of the 
hospital. Only the crudest measure of service load should be carried in such 
routine reports, the departments involved consisting of the dietary, laundry, 
laboratory, X-ray, operating rooms and anesthesia, dressings, dental, social 
service, occupational therapy, physio-therapy, chiropody, optical, pharmacy, 
oxygen therapy, out-calls, and other special therapy services. 

The only other element in hospital statistics which necessitates routine 
monthly or yearly tabulations is a report of the various financial elements 
involved in the income and expenditures of the hospital. This report should 
be simple in character and consist of a tabulation of current operating income 
and total income, accounts receivable, cash on hand and expenditures. The 
current operating income should be listed by the departments which earn the 
income. The expenditures should be listed by budgeted departments and involve 
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a comparison of the budget position with the actual position of the department 
in any given report as well as a comparison with the previous corresponding 
yearly tabulation. 

The above-mentioned monthly and yearly reports are the principal routine 
tabulations necessary for the proper functioning of the average hospital and 
for the determination of trends in the important administrative facts. All 
other data should be kept in a form which is available but not tabulated except 
when the necessity arises. 

Although tabulations should not be made routinely upon the bulk of the 
facts involved, the administrator and physician should be in a position to obtain 
all of the types of tabulations which could be made from such facts when analysis 
seemed to be desirable. The picture of the type of tabulations which can be 
made is obtained by a consideration of the master table. To illustrate what is 
meant by master table tabulation, I quote the example given by Dunn (1927)* 
illustrating the necessity for noting negative information if scientific research 
is to be carried out in conection with medical statistics. 

“Completeness to the clinician signifies notation of every detail pertaining 
to the positive facts about the ease. Completeness to the statistician means 
positive and negative information for every single item that is of sufficient 
consequence to enter into the picture of the disease. It is impossible to apply 
the laws of probability unless the true probabilities are known. 

“If negative and positive information are both known for a series of patients, 
a ‘master tabulation’ can be made from the data. For illustration, 843 patients 
studied by Dr. H. A. Young at the Brady Urological Institute were grouped by 
me into two classes, the first with moderately enlarged prostates and the second 
with extremely enlarged prostates. In each instance the history of retention 
and the type of onset were known. 


Table A 





No. of 
Cases 

Reten¬ 

tion 

No Reten¬ 
tion 

Sudden 

Onset 

Gradual 

Onset 

Moderately 

enlarged 


780 

(1) 50% 

(3) 50% 

(5) 7% 

(7) 93% 

Extremely 

enlarged . . 


63 

(2) 56% 

(4) 44% 

(6) 15% 

(8) 85% 

Total . 



. 843 





Table B 




Retention 

No Retention 




No. of 

Sudden 

Gradual 

Sudden 

Gradual 

Total 



Cases 

Onset 

Onset 

Onset 

Onset 


Moderately 

enlarged . 

. 780 

(1) 5% 

(3) 45% 

(5) 2% 

(7) 48% 

100% 

Extremely 

enlarged . 

63 

(2) 13% 

(4) 43% 

(6) 2% 

(8) 42% 

100% 

Total . 


. . 843 







Voi 89 T pp 1273-4 ° f Statistical Medicine ” Halbert L. Dunn. Jour. Am. Med. Assoc., Oct 8, 1927. 
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“Tabulation A has taken just as much space as B. However, there are 
certain questions which can not be answered by A that can be by B. These may 
be listed as follows: 


Table A Table B 

(Cell No. Possible Questions (Cell No. 

Noted) Noted) 

Percentage of 

1 Retention, Moderate .1 and 3 

2 Retention extreme .2 and 4 

3 No retention, moderate .5 and 7 

4 No retention, extreme .6 and 8 

5 Sudden onset, moderate .1 and 5 

6 Sudden onset, extreme .2 and 6 

7 Gradual onset, moderate .3 and 7 

8 Gradual onset, extreme .4 and 8 

Retention and sudden onset, moderate. 1 

Retention and sudden onset, extreme. 2 

Retention and gradual onset, moderate . 3 

Retention and gradual onset, extreme . 4 

No retention and sudden onset, moderate. 5 

No retention and sudden onset, extreme. 6 

No retention and gradual onset, moderate. 7 

No retention and gradual onset, extreme. 8 


“Eight additional questions are evident in master Table B which have not 
been and can not be answered in Table A. It is obviously impossible to form 
Table B unless all information, both negative and positive, is known on each 
one of the 843 individuals.” 

It is evident that no very large tabulation in master table form will be found 
useful because of the elaborate detail which it involves. The principal use of 
the master table is to enable the administrator or the physician to visualize all 
of the possible arrangements by which data might be tabulated in a given study. 
If many studies are to be made on data which are available but not tabulated, 

. it becomes necessary to proceed from hand to mechanical methods of tabulation. 
In no other way except by modern punched card machinery can any very large 
mass of data concerning complex facts be made available for tabulation. 
Hollerith tabulating machinery is particularly adapted to the analysis of those 
data which do not need to be routinely tabulated but should be readily avail¬ 
able at all times and also those data which should be collected only in connection 
with special studies and do not need to be routinely available. 

Specific Applications of Hollerith Tabulating Equipment to Hospitals 

and Clinical Medicine 

A number of hospitals and clinics have made adaptations of Hollerith tabu¬ 
lating equipment to practical administrative and clinical hospital problems. 
Among the largest of these developments is that of hospital medical statistics 
in the Department of Hospitals of the City of New York by Dr. Caroline R. 
Martin, described in her book on the subject (loc.cit.). At the Mayo Clinic 
all statistical work both for cross-index, analytical research tabulation and some 
of the business office routine is accomplished by punched card machinery. An 

* “Prospectus of Minnesota Hospital Statistical Bureau.” Halbert L. Dunn, Jr. Lancet Vol. LIV. 
No. 6, New Ser. March 15, 1934 pp. 148-156. 
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attempt along this line is being made by the Minnesota Hospital Statistical 
Bureau in the process of formation, described in Journal Lancet, March 1934.* 

There are at least two score of large hospitals at the present time who are 
either experimenting or considering the feasibility of installing tabulating 
equipment. Among these are numbered several of the University hospitals and 
state maintained institutions. 

There are several principles to be observed in the adaptation of a punched 
card to a specific subject. First, it is well to establish some indication on the 
card as to the identity of the card itself so that it will not become confused with 
cards adapted to other studies which are carried in the same card file. Second, 
it is desirable to place the entire study on one punch card whenever possible 
because the process of sorting and correlation is easier if this can be effected. 
Third, it is desirable to make no more than one punch in a card column if the 
card has sufficient capacity to accommodate the study since it is not practical 
to print information which has more than one punched hole per column. 
Fourth, all data contained on the card should be available for purposes of 
printing if any likelihood exists that it will be used for tabulation. Fifth, if the 
capacity of the card is not sufficient to carry all of the variables involved in a 
given study, multiple punching within the column may be resorted to in order 
to add to the capacity of the card. One example of multiple punching is given 
in the geometric code published by Halbert L. Dunn in the Journal of the 
American Statistical Association, September 1932. Dr. Toops describes the 
method of adapting this code (page 202 of this book) so that as many as 240 
different variables may be punched into one eighty column Hollerith card. Sixth, 
when it is impossible to obtain sufficient capacity on one card to carry complete 
information and it is not desirable to use the device of multiple punching 
because printing is necessary, it is advisable to have secondary cards which 
parallel the primary card. When it is necessary to employ the device of second¬ 
ary cards, it is highly important that all factors, which represent elements of 
sufficient importance to be considered major tabulation categories, should be 
carried throughout both the primary and secondary cards in the same column 
location on the card and that these factors be coded by multiple punching so 
as to take up as little column space as possible. Seventh, it is always necessary 
to build with great care the codes which are to be used for translation of the 
material on the records to the punched holes in the cards so that the task of 
coding and punching will involve a minimum of clerical time. 

At present the Hollerith equipment has been adapted in several localities to 
one or more of the following functions: (a) routine medical, surgical, thera¬ 
peutic or pathological cross-indexing and tabulations of morbidity statistics; 
(b) correlation of statistics between hospitals either for morbidity studies or 
administrative cost control; (c) cost analysis and inventory; (d) collection and 
accounts receivable; and (e) special studies. 

Routine Medical Cross Index 

Several different adaptations of Hollerith equipment to the problem of case 
record cross indexing have been made. The following plan attempts to assemble 
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good points from several schemes of indexing. The data for medical and sur¬ 
gical cross-index are taken from the patient’s record after discharge of the 
patient. A card is punched for each patient discharged from the hospital or 
out-patient department. 

The following data are essential for such a cross-index: 

(1) Case number. This is an identity number for the patient which stays 

the same no matter how many times the patient is readmitted. 

(2) Admittance number. This number indicates the number of times the 

patient has been admitted to the hospital. All primary admis¬ 
sions are numbered one, secondary, two, etc. 

(3) Geographical location of patient’s home. 

(4) Type of care given to patient—in-patient, out-patient, convalescent, 

etc. 

(5) Sex. 

(6) Age. 

(7) Classification of patient. The code for classification of patient 

usually involves a division of all admissions into at least five 
categories: pay, part pay, free-charity, free-courtesy, and free¬ 
st aff. 

(8) Admission date. 

(9) Discharge date. 

(10) Condition on discharge. 

(11) Diagnoses—Space should be reserved for at least 6 diagnoses on the 

same patient. Each diagnosis should be identified as to whether 
it is the first time the diagnosis has been made on the patient 
either in the current year or in the history of the patient’s record 
of previous visits to the hospital. Also the diagnosis should be 
qualified as to whether it is made clinically, surgically or patho¬ 
logically. 

(12) Operations. Space should be reserved for at least three operations 

on the same patient. 

(13) Section in the hospital or out-patient department. 

(14) Filing number. A filing number is necessary in order to identify 

the punched card in case there are a number of secondary cards. 
The following additional data are sometimes desired for routine cross-index 
or tabulation: 

(1) Number of dependents. 

(2) Number of children. 

(3) Family number if the institution is correlated administratively with 

other city charities. 

(4) Punching of name alphabetically so that it will print when the 

punched card is passed through the tabulator. 

(5) Punching of address so that it will print when the punched card is 

passed through the tabulator. 

(6) Names of physicians or surgeons in contact with or in charge of the 

patient. 
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(7) Information concerning special service rendered to patient such as 

number of laboratory tests of various types, number of x-rays 
of various types, number of consultations, etc. 

(8) Information concerning charges made to patient, viz., final charge 

and itemized amounts which make it up. 

(9) If it is desirable to link the statistics of the hospital to local welfare 

and relief statistics, space must be made for a number which will 
identify the hospital, for geographical codes which will locate the 
hospital and the family, for a code which indicates eligibility and 
classification of the family and for space to indicate the number 
of persons in the family. 

The following types of data are sometimes collected on patients with certain 
diagnoses: 

(1) Data from follow-up studies by questionnaires. 

(2) Data from record extraction studies on the details of the history, 

physical and laboratory findings upon the patient. 

(3) Other special research studies. 

It is obvious that no one punched card can be planned to carry all of these 
manifold kinds of data without allowing for secondary cards. If space is 
assigned for six multiple diagnoses on one patient, each diagnosis occupying 
six card columns according to the code of the Standard Classification of 
Nomenclature of Disease and for 3 multiple operations each involving three 
card columns, 45 columns on the punched card would be occupied for punching 
of diagnoses and operations. Consequently those data essential for cross index¬ 
ing would take up the total capacity of an 80 column card. In order to 
obtain an elastic cross index system adjustable to special data which might 
be desired in the future, it is necessary that the essential basic information be 
so coded and punched that it will appear in the same columns in the secondary 
punched cards as it appears in the primary index card. If the essential infor¬ 
mation upon the primary cross index card is condensed by means of multiple 
punching within the card column, it is possible to duplicate such information 
on various secondary cards and thus permit matching of secondary cards by 
mechanical means at the sorting speed of 400 cards per minute. 

The basic data considered to be essential for the cross index can be coded 
and condensed in the primary cards as follows: 


Column 

1-6 Case No. 


( Punched direct, only one punch per column 
so that the number can be printed 


7 Admission 


Adm. No. 

1 

No. in 
Column 

1 

Adm. No. 

6 

No. in 
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6 

Adm. No. 
11 

No. in 
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yi 

Adm. No. 
16 
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2 

2 

7 

7 

12 

y2 

17 

y^ 

3 

3 

8 

8 

13 

y3 

18 
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4 

4 

9 

9 

14 

y4 

19 

y9 

5 

5 

10 

yo 

15 

y5 

20 

x0 







etc. 

etc. 
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8 County and State 

y 

x 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

9 Sex and admission type (code so that sex will print) 

10-11 Age—-punched direct (code so that age will print) 

12 Classification of patient 

13 Admission date, mo. and yr. (geometric code) 

14 Discharge date, mo. and yr. (geometric code) 

15 Condition on discharge 

16-27 Six Diagnoses (by Standard Nomenclature of Disease)—2 columns 
each, one for etiological, numbers from 1 to 1000 condensed by 
geometrical code, one for anatomical numbered 1-1000, con¬ 
densed by geometrical code 

28-33 Three operations—2 columns each (punched geometrically) 

34-35 Departments—isolated punch assigned to each dept. (24 in all) 

36 Piling No. to identify card—all primary index cards to be punched 

(1) in this column 

By the device of multiple punching, thirty-six columns of the card carry all 
the information usually desired in a medical cross index. If these thirty-six 
columns are duplicated in all secondary cards, the matching of secondary and 
primary cards on the same patient becomes a simple sorting machine process. 
With this device it is possible to have as many special secondary cards as is 
desired and yet at all times be able to correlate special information between 
various secondary cards by means of any of the essential information existing 
in the primary cross index card. 

For example: In all diabetic patients of a certain institution, it might 
prove to be desirable to have not only the primary index card but also a second 
card involving charge information, a third card involving analysis of laboratory 
work, a fourth concerned with the dietary history of the patient in the insti¬ 
tution and a fifth for follow-up information after the patient has returned to 
his home. If the index information on the primary card has been devised as 
suggested above, it is condensed so that it will occupy the first thirty-six columns 
in the card, and if these basic data have been duplicated in the secondary 
cards, then the special information on the secondary cards can be matched and 
brought together by sorting on those columns containing basic data which have 
been punched in common for all cards. 


Counties numbered and coded by geometric code 


States numbered and coded by geometric code 
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In general it is to be recognized as a principle that all information not being 
used to tie together primary and secondary cards should be so punched that only 
one number comes in each punch card column. This makes it possible to list all 
such data in the printing tabulator. As a matter of fact, if it is desirable to 
print the basic data involved in the primary index card which has been con¬ 
densed by multiple punching, it may be extended for printing on the right hand 
side of the primary cross-index card. 

After the primary cross-index card has been made, two optional methods 
exist by which the data on the primary cross-index cards can be made available 
under each diagnosis and operation. 

The first method is to duplicate as many of the primary cards as there are 
diagnoses and surgical operations and file a duplicate card under each diagno¬ 
sis or operation. For example, assume that a certain patient has been diagnosed 
to have diabetes, cholecystitis and appendicitis and that the surgeons operated, 
performing a cholecystectomy and appendectomy for these conditions. The 
punch operator makes five duplicates of the primary index card, one of which 
is filed under each of the three diagnoses and each of the two operations. All 
of the original primary cross-index cards should be maintained in a file ordered 
by ease number and month of discharge so that census statistics can be readily 
available for tabulation. Duplication of primary index cards is a machine 
process and can be carried out very rapidly by the duplicating or the repro¬ 
ducing punch. One of the punch card columns (preferably col. 80) varies with 
each duplicate card and has punched in it the particular diagnosis or operation 
under which the duplicate card is to be filed. If this precaution is taken the 
duplicates can be ordered for filing by the sorting machine. This method of 
cross-indexing necessitates that the hospital rent a sorting machine as a part 
of its record equipment. 

A second method of cross-indexing the information under diagnosis and 
operation is possible and in some ways preferable to the making of duplicate 
cards. This method involves holding the primary cards in a straight run file 
for a three to six month period, sorting them one diagnosis at a time, and then 
printing the entire content of all the cards involved with this particular diagnosis 
on a sheet. For example, all the data collected for indexing upon each patient 
diagnosed as cholecystitis are indicated on a single printed line upon a sheet 
which is labeled as cholecystitis. This method of cross-indexing is particularly 
adaptable to the smaller hospitals which can not afford the rental of a sorting 
machine or printing tabulator but do have access to the use of such equipment 
on a service charge basis. 

Correlation of Statistics Between Hospitals 

As Hollerith tabulating equipment comes into more general use among hos¬ 
pitals it will be possible to correlate certain kinds of statistics between hospitals. 

A real need exists for inter-hospital statistics. Relief funds for medical 
care have become available to the medical profession in limited degrees. Group 
hospitalization and hospital insurance plans present complex intra-hospital sta¬ 
tistical and tabulating problems. The state, loaded with relief work and respon- 
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sibility for the dispensation of relief funds, has inadequate knowledge for 
meeting relief situations. Public charities dispensed from many organizations 
should have available a more complete clearance than is offered by the confi¬ 
dential exchanges. 

Just such a plan for central clearance by means of Hollerith punch cards is 
being considered by the Board of Welfare of St. Paul at this time. Dr. Fred 
G. Carter reported the plan before the Minnesota Hospital Association at 
Rochester, May, 1934, under the title of “A System of Central Registry for 
Recipients of Charity. ’ ’ The plan is an inclusive one and attempts to correlate 
all of the various types of social service activities in St. Paul; a central file for 
the family history and record: an accounting punched card plan for dispensation 
of all material relief in the city; a punched card control for the records of 
medical relief and charity hospital admissions as well as for miscellaneous types 
of welfare activities carried on in the city. It is planned that the Hollerith 
cards for these various needs will be inter-linked by common codes, and will be 
centrally located in the City Hall of St. Paul. Such a plan will probably 
result in money savings to the city because it makes possible a more intelligent 
expenditure of relief funds. 

One of the principal contributions which could be achieved if the accumula¬ 
tion of inter-hospital statistics were made possible by means of Hollerith equip¬ 
ment is the collection of generalized hospital morbidity statistics. If all hos¬ 
pitals of a state would report their morbidity findings to some central hospital 
statistical bureau in the state and if this was done in a standardized manner 
so that morbidity reports on those patients visiting more than one institution 
during the year could be corrected, a vast new source for morbidity information 
would be available. These data would be of particular value because they in¬ 
clude the degenerative diseases. More complete morbidity knowledge than is 
available at present concerning the degenerative diseases existing in the popula¬ 
tion would be of great value in social planning for relief work, for insurance 
problems and for old age care. Eventually it is possible that a central tabulating 
bureau might be established in every state under the auspices of the state hos¬ 
pital or the state medical association which could act as a clearing house for 
problems which involve in their solution a comparison of facts between various 
institutions. 

The following specific example illustrates this type of inter-institutional 
application of tabulating machinery. 

There are fourteen tuberculosis sanitariums in the state of Minnesota. These 
sanitariums are supported in part by state funds and in part by county funds. 
The following plan is now being used by the State Board of Control to follow 
up the clinical status of the sanitarium patient. As soon as the patient has 
been admitted and examined the physician at the sanitarium fills out the patient’s 
registration sheet illustrated in Fig. 165. This sheet is then mailed to the 
office of the Division of Tuberculosis of the State Board of Control, where a 
clerk types on the top of a blank 80-column Hollerith card the name of the 
patient, name of the sanitarium, the patient’s case number in the sanitarium, 
the patient’s home address, the admission date and the name and address of the 
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Fig. 165 

Admission Sheet (Front) 


family physician of the patient. The entire content of the admission record is 
coded and punched on this 80-column Hollerith card. The registration record 
is filed by sanitarium and sub-filed by case number, and the punched card is filed 
by admission month and sub-filed by sanitarium. The punched cards constitute a 
record of the current sanitarium population. It is necessary in the plan for the 
State Board of Control to have a six-month’s follow-up of the essential clinical 
facts about the patient. Consequently the follow-up form illustrated in Fig. 
167 is sent to the sanitarium each six months. This form carries the essential 
medical information required for a six-month’s clinical check up and is so 
arranged as to be in the same order as the corresponding data gathered at 
admission on the registration sheet. Each month the appropriate cards of 
those cases involving the six-month interval of follow-up are selected, ordered 
in the sorting machine by sanitarium and by case number, and then the name 
and case number of those patients to be re-examined are listed on the follow-up 
form and mailed to the sanitariums. 
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Fig. 166 

Admission Sheet (Back) 

As soon as the follow-up form is returned to the Division of Tuberculosis 
the clinical information is transferred to the patient’s original registration 
record, and the card is punched for the new clinical data. Inquiry letters 
are sent to the sanitariums upon any incompleted cases or upon those cases 
whose eligibility for continued hospitalization is questioned by the Division of 
Tuberculosis. 

On the back of the patient’s registration sheet (See Fig. 166) there is room 
for the recording of eight six-month follow-up examinations so that the one 
registration sheet accommodates the necessary information over a four-year 
period. When the patient is finally discharged the registration sheet is com¬ 
pleted and placed in a closed file which is arranged alphabetically by patients’ 
names. 

The entire plan can be carried out by the part time of one clerk. It serves 
to illustrate the manner in which follow-up clinical information of several insti¬ 
tutions can be correlated by a central statistical control. 
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Fig. 167 
Follow-up Form 


Cost Analysis and Inventory 

Cost analysis and inventory is a hospital problem in which punched card 
methods are exceedingly useful particularly if the hospital is large. A knowledge 
of department budgets does not give the hospital administrator a strict control 
of how goods are spent in his institution. It should be possible for him at all 
times to know how clinical departments or nursing stations are spending their 
budget allotment, in terms of the kind and quantities of goods which they are 
using. If the expenditures are too large, he should be able to ask why excessive 
quantities of specific types of goods have been requisitioned. Conservation of 
materials results from such a control. 

The following method is in use at the University of Minnesota Hospital: 

Station numbers are assigned to all locations in the hospital from which 
supplies can be requisitioned, namely central supply rooms, nursing stations, 
department offices, operating rooms, etc. Station numbers are also assigned to 
the various locations from which the University Hospital can requisition or 
purchase supplies, namely the University store house, the University Farm, and 
cash purchases, etc. 

All goods coming to the central hospital store room are of two types: those 
goods coming into the store room from outside the hospital and those returned 
unused from hospital stations. All goods leaving the central hospital store 
room are also of two types: those goods distributed to hospital stations or those 
sent back by the hospital to the vendor or to the University store house. 

When a station desires to order an item from the hospital stockroom, an 
authorized person on such a station makes out a requisition slip in duplicate. 
The original is sent to the business office of the hospital for approval, and then 
to the hospital store room. 

The store room is provided with a file of cards printed as shown in 
Fig. 168, which serve as cost-inventory cards of the goods in the store room. 
There is a cost-inventory card for each item carried in the store room. At the 
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Fig. 168 
Inventory Card 


top of the cost-inventory card is certain information which is coded and punched 
in the last part of the card. In the example the item is safety matches, the unit 
price per pack is .07 per dozen, the item code number of 015044, the University 
Hospital budget number under which the item was purchased is 2411-2100, and 
the bin number is 18. 

The store room clerk fills the requisition slip as soon as he receives it. In 
the example he supplies station 21 with two dozen boxes of matches on June 11, 
station 30 with four dozen boxes on June 14, station 31 with three dozen boxes 
on June 18, and station 8 with twelve dozen boxes on June 18. He calculates 
for each item the amount of money represented by this distribution of matches. 
On June 8 he enters sixty-seven dozen boxes and on June 12 sixty dozen, re¬ 
ceived from the University store house (station 12). The last balance, one 
hundred twenty-six dozen boxes of matches, is the current inventory in the 
store room. If a new order of matches should be purchased at a new unit price 
a new cost inventory card is started. No goods are distributed at the new price 
until the entire balance of those goods at the old price is expended. 

If the requisition calls for some items which are not available in the store 
room those items are filled which are available and the unfilled items are copied 
on a “delayed requisition slip.” The original requisition is returned to the 
station, and the probable date at which the items can be filled is indicated on the 
requisition. The “delayed requisitions” are filed in the stock room until they 
can be filled. 

Once a week a punch operator goes over the cost inventory card file and 
punches a material distribution card for each item on the cost-inventory 
card. If the unit price is not available on the cost-inventory card due to delay 
in receiving the invoice she does not punch the material distribution card for 
this item until the following week. As she punches the material distribution 
cards she puts a check mark against the entries of the corresponding cost- 
inventory card. It is assumed in the example that the material distribution 
cards were brought to date on June 16. 
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In punching the material distribution cards the clerk punches the following 
information from the cost-inventory card: station number from which the goods 
are sent, the station to which the goods are going, the amount of goods, the 
price and the date. These cards are punched on the duplicating punch which 
permits the insertion of the cost-inventory card in order to have the punched 
information on unit price, item number, budget and pack transferred to the 
material distribution card automatically. 

Printed tabulations are made from the material distribution card to show 
the distribution of goods by station, budget or item for any specified time 
period. Prom a printed list of what goes into or out of the store room and a 
knowledge of the previous inventory the new inventory can be calculated. In¬ 
ventory of stations for those goods not expendable in character such as instru¬ 
ments and permanent equipment can be kept in a similar manner. 

No difficulty was experienced in installing this cost accounting plan except 
in the construction of the material code numbers. The first major division of 
materials as coded has proved to be useful and is given as follows: housekeep¬ 
ing equipment, hardware and paints, office supplies and stationery, table and 
cooking supplies, foods, laboratory and x-ray supplies, apparels and linens, 
drugs, surgical supplies and miscellaneous. 

It is possible to distribute personnel time and wages to stations in the same 
manner as goods are distributed in this plan if the problem is of sufficient 
complexity to warrant cost accounting.* 

Collection or Accounts Receivable File 

In any large private hospital the auditing of the accounts receivable file is 
a task of magnitude. Open accounts sometimes run for a score of years and 
mount into the thousands in number. The following adaptation of the Hollerith 
card is an economical method of maintaining a daily audit of the open accounts 
receivable. 

The original entries of charges and credits on the patients bill are made 
on an individual account card or slip which is filed by case number of the 
patient. A Hollerith 80-column card is punched for each new charge, credit or 
write-off which is made on the patient’s open account. These tabulating cards 
are first posted in the cash register at the same time as the hand-filed account 
cards are posted. After the Hollerith card is posted the following data are 
punched in it: 

Case number 

Geographical code by state, county and town 

Occupation 

Sex 

Race 

Age 

Date by mo. and yr. of the first balance on the hand-filed account card 
Date by mo. and yr. of the first open balance on the hand-filed account 
card 

*A re-adaptation of this plan on the basis of alphabetic tabulating equipment is now in use 
at the University Hospital and may be secured by writing. 
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Date by day, mo. and yr. of the new balance 

New debit 

New cash credit 

New credit write-off 

New balance 

The punch cards carrying this information are retained in the same order as 
they are posted on the cash register and at the end of the day they are passed 
through the printing tabulator and a printed list is obtained by case number 
which totals the debits, cash credits and credit write-offs. This list must check 
item for item with the cash register tape for the day. 

The punched cards are then sorted by case number and separated into four 
groups: (1) those dealing with accounts having a previous open balance and 
still left as an open balance; (2) those with a previous open balance which are 
paid up; (3) those with a new balance or a balance from a reopened account; 
(4) those which deal with accounts opened and completely paid on the same 
day. After the punched cards have been ordered by case number, the new 
debit, credit, write-off and balance are printed and totaled for each of these four 
groups. The total for all four groups must check with the cash register total 
for the day. The punched cards are now ready to be filed in the open accounts. 
The punched card in group (1) is placed into the open account file and simul¬ 
taneously the previously punched card on each of these accounts is removed from 
the file and listed by means of the printing tabulator. The previously punched 
cards in the open account file which correspond to the case number of the cards 
in group (2) are extracted from the file and listed by the printing tabulator. 
The punched cards in group (3) are inserted into the open accounts file. The 
completely paid up accounts represented by group (4) are not placed into the 
open accounts file. When the new balances in group (1) have been checked 
the total outstanding amount in the open account file is readjusted. 

After this is accomplished, the previously punched cards which have been 
removed from the open accounts file and those newly punched cards falling in 
group (4) are destroyed. A ledger balance is kept daily of all totals computed 
under each group of cards. 

This adaptation of Hollerith equipment to the collection file not only makes 
possible a daily audit but, by means of the selective sorter, and without dis¬ 
turbing the order of the open account punched cards, permits the business office 
management to select quickly all open accounts by occupation, geographical 
location of the patient, age, sex, case number, duration of account. This function 
is most useful when it becomes necessary to send a collecting agent to certain 
localities. 

Special Studies 

Probably the most useful of all functions of the Hollerith equipment is its 
adaptability to special studies. Special studies in almost every division of hos¬ 
pital administration as well as the clinical and pre-clinical branches have been 
made by coding the information collected and punching it upon Hollerith cards. 
The use of Hollerith equipment for this purpose has made it possible for the 
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record department to carry out special studies incidental to their routine work, 
which otherwise would have been prohibitive because of the amount of clerical 
time necessary for hand tabulation. 

No attempt will be made in this chapter to describe any of these special 
studies since each one is a new and isolated tabulating problem. 

Clerical time will be saved in any tabulating problem by coding and punch¬ 
ing the data on Hollerith cards if the problem involves more than 50 to 75 cases 
and has more than 4 or 5 items which must be correlated with each other. If 
the number of cases runs into the hundreds it will pay to punch cards for the 
purpose of correlating as few as 3 items on each case. If the items on each case 
are more than ten to twelve in number and all manner of tabulations are desired 
between these various items it will be found time saving to code and punch as 
few as 30-40 cases before tabulating. Below these limits hand methods of 
tabulation are faster and preferable to machine methods. 

Summary 

It has been possible in this chapter to sketch but briefly the breadth of the 
field of hospital and clinical statistics and the important role played by tabu¬ 
lating equipment in their development. No space at all has been given to the 
description of the statistical method, a useful mathematical tool of analysis avail¬ 
able to the hospital administrator, clinician and laboratory worker. This sub¬ 
ject comes after satisfactory methods have been employed for the accumulation 
of data.* 

Up to this time most of the research efforts in medicine have been directed 
at intensive study in steadily narrowing fields of clinical or laboratory interest. 
The science of statistical method and the adaptation of modern tabulating ma¬ 
chinery are both valuable tools of analysis which will aid in extending research 
in these highly specialized fields of medicine. At the same time they make 
available to the medical scientist a useful method by which data from various 
fields of clinical interest can be inter-related. 

* An introduction to this subject is given by Dunn, H. Ii. “Application of Statistical Methods 
in Physiology.” Phys. Kev. Vol. IX, No. 2, Apr. 1929, pp. 275-398. 
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PART VI 


Applications in Medical Research and in Hospitals 

CHAPTER H 


The Adair System of Punched Card Indexing 
for Obstetrics and Gynecology * 


By 

Feed L. Adair 


Chairman and Professor in the Department of Obstetrics and Gynecology, 
The University of Chicago, and The Chicago Lying-in Hospital 


M ANY hospitals do not require an availability of medical statistical data, as 
the patients are admitted for some predominant condition for a short 
period of time only, and the institutions have no particular interest in accumu¬ 
lating data which may later be used for statistical and research purposes. This 
applies particularly to private hospitals serving the private patients of a rela¬ 
tively large staff of doctors and having no definite connection with any educa¬ 
tional institution. 

Any hospital which has a real interest in contributing to medical progress 
should be in a position to study and evaluate medical information to be 
obtained from its patrons, and to take an inventory of facts relative to the 
disease conditions and the results of its care and treatment of the patients. 

The hospitals caring for maternity cases are especially in need of a system 
which will enable them to study and analyze the information which accumulates 
in the archives of the record room. The reasons why a maternity hospital 
especially should be in a position to study this sort of cumulative data are 
many, and some of these would apply to all hospitals. There are, however, 
some very special reasons which apply to hospitals caring for maternity cases. 
Maternal care is of very vital sociologic and economic importance. 

Maternal and fetal mortality have been practically stationary for many 
decades past and it is vital to understand the reasons for the methods of 
reducing this morbidity and mortality to a minimum. 

There has been some argument as to the relative safety of home and hospital 
care for maternity patients. It is essential to know the facts and establish some 
basis for the development of institutional perfection. 

Maternity patients are supervised for a relatively long time during preg¬ 
nancy, labor and the postpartum period. They are apt to return for care 
during succeeding pregnancies. This means that many of them develop inci¬ 
dental and accidental complications which should be a matter of record so that 
the information may be available for both individual and group study. 

♦Much of the detailed work in the development of this system and in the preparation of this 
article was done by Doctors M. E. Davis, H. C. Hesseltine and the record librarian, Emma 
Jane Whipple. 
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There are always at least two individuals involved, mother and fetus, and it 
is desirable to correlate the information not only in terms of the subsequent life 
of the mother but also and especially with the future life of the infant. 

It is not sufficient simply to tabulate a pregnancy, a labor, a puerperium, a 
stillbirth, a fetus, or an infant but all essential and pertinent data should be 
given in a form which would render this information easily available. 


The Purpose of the System 

To substitute a system which is more complete, accurate and less cumber¬ 
some than many plans of cross filing. 

To insure greater completeness of the original records. 

To provide for prompt filling out of the diagnostic sheet at the time the 
patient is discharged by the doctor. 

To place the responsibility for completing the diagnostic record upon the 
doctor who is familiar with the case. 

To record the maximum amount of information with a minimum of effort, 
and in a manner by which the data can be secured later largely through me¬ 
chanical effort at a reasonable cost. 


The Development of the System 

The demand for an accurate and complete system of recording data relative 
to cases in a research and teaching clinic is obvious. The details should not be 
too cumbersome and the scheme should be workable without too great an expen¬ 
diture of time. 

The data should be so grouped that types of cases and conditions can be 
correlated and compiled and when desired various groups may be available for 
more detailed study. This study can be carried out by sorting these records 
by hand where small numbers are involved, or if in large numbers special 
punched cards can be set up for intensive study. These studies cannot be 
predicted in all of their details, and if they were, a primary punched card sys¬ 
tem involving so much detail would lead to inaccuracies and tremendous expen¬ 
diture of time by those not vitally interested in these intensive investigations. 

With these thoughts in mind the author elaborated the general plan, many 
details of which have been worked out by the staff of the Department of 
Obstetrics and Gynecology, especially Drs. M. Edward Davis and H. Close 
Hesseltine, and by Mrs. Emma Jane Whipple, the record librarian. 

It should be clearly understood that this is not regarded in any sense as a 
fixed or perfect system and that many defects have been found by experience 
in its use. These are being gradually remedied and already some changes in 
details have been decided upon and will be incorporated in new summary sheets 
which will be published when the present supply is exhausted. 

Thus far no fundamental errors have become apparent and the only altera¬ 
tions contemplated involve some re-arrangement of material and the correction 
of some obvious mistakes which crept into the first printing. 


272 



There are no gross errors, but there have been a few omissions which have 
been shown by experience. It will doubtless be a long time before this plan 
ceases to be in flux and attains anything like perfection. The fundamentals 
are, in our opinion, sound, though we recognize fully that the details would 
have to be modified to fulfill the needs of various types of institutions and that 
even maternity hospitals would have different desires which could be met by 
the classification and arrangement of the data on the summary sheet. 

The Description of the System 

The punched card system is a complete index of the patients who enter the 
hospital, their reason for being there, the course and treatment of the disease and 
the results thereof. In addition, it is a record of the techniques, procedures 
of the hospital, and other things which are necessary in the practice of medi¬ 
cine, as, for example, the group of facts incidental to the use of an operating 
room. Beyond this, the system makes available miscellaneous material concern¬ 
ing the social and economic status of the patients. It is not necessary to com¬ 
pare the value of this volume of material with the systems of indexing used in 
the past which recorded the diagnoses, dates of admission and discharge, sex, 
age and condition on discharge. 

The punched card indexing gives the total number of the coded facts with 
the unit numbers of the histories containing this information. 

Devising the system was in the nature of an experiment. The amount, of 
material to be recorded seemed endless. The material was grouped under 
forty-one headings with subdivisions. Formerly, it was the duty of the intern 
to check the facts and it remained for the record librarian to transcribe them 
into the proper position on the punched card. Approximately six months was 
spent in discussing where this and that should be punched and what was meant 
by the intern in his checking and what really was to be considered a toxemia, 
an abortion, etc. 

Careful revising has produced a summary sheet, size 8 y 2 by 11 inches, 
printed on both sides. (See Figs. 169 and 170.) Blue paper is used so that 
it can be identified easily in the history. At the top of the front page, a small 
space has been reserved for recording the salient features of the ease. This 
serves as a summary. The sheet contains essentially 80 columns arranged in 
order and all the code numbers in the 80 columns are plainly shown, except the 
first 14 columns which are indicated by column headings only. The record 
librarian is directly responsible for these data which are transcribed from the 
face sheet of the history to the card. 

A code book has been made which defines in detail and with accuracy what 
is meant by each term used. This book takes the place of the old fashioned 
nomenclature of diseases. No error should be made in punching any given con¬ 
dition or state if the classification has been thoroughly followed. (See appendix, 
pp. 280 to 300, at the end of this chapter.) 

At present, the resident checks the summary sheet from the history at the 
time of discharge, after which a staff member rechecks and endorses it. It is 
presumed that they are already familiar with the facts in the case and that it 
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Fig. 171 

Punched Cross Index Card 

should be no great task for them to check the blue sheet. To conserve their time 
and facilitate their work, the material was carefully arranged and the sequence 
follows that usually observed by a doctor studying the case of his patient. 
In addition, the material is correlated in position with the content and form of 
the histories. The Obstetric and Gynecologic services use the same summary 
sheet. The facts are in somewhat the following form. 

Statements of identification and general information of admissions, 
medical, social, financial status. 

Past medical history. 

Facts concerned with Obstetric patients only. 

Facts concerned with Gynecologic patients only. 

All other medical conditions. 

Hospital routines, tests, and operating room procedures and results. 

Morbidity and blood pressure. 

Type of patient. 

Besults. 

This arrangement has proved helpful in writing, in punching and in reading 
the summary sheets. The use of the summary sheet is not at all limited to the 
punched card system. It is considered valuable by the doctors as a summary of 
the history for reference in subsequent visits of the patient. 

With the summaries accurately and conveniently checked, it is a simple 
matter for the record librarian to punch the cards in the record library. (See 
Fig. 171). The cards may be sorted when desirable, which we find advisable 
at monthly intervals. 

The allocations are typed in tabulation form by month and year according to 
column and code and filed in the record library. At the end of the year these 
tables will be bound. The volume will be annotated and interpreted by the 
writer. From looking at these tables, correlations appear, indications for in¬ 
vestigations are noted and certain trends in procedures are evident. (See 
Fig. 172.) 
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Fig. 172 

Samples of table's prepared annually from punched cards 


A letter-size file in the record library contains manila folders, labelled 
according to the columns of the summary sheet and, when necessary, subdivisions 
for each column are added. In each folder are two sets of history unit numbers 
which are the unit numbers of the histories indicated by the figure of that 
column in the book of tables. One set of these unit numbers is kept for per- 
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manent filing. The other set is enclosed in an envelope marked according to 
column and code. This set is used by the file clerks to pull histories upon re¬ 
quest' from doctors for various studies and analyses of types of cases and 
conditions. 

Many requests for a study of the histories are received and the results of 
correlations and research, as they are added to the files, will constantly increase 
the value of the material in the punch card system. In other words, this con¬ 
stitutes a system of cumulative data which increases with use and time. The 
more it is used the greater is the cumulative value. 
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APPENDIX TO PART VI 

Applications in Medical Research and in Hospitals 

CHAPTER II 

The Adair System of Punched Card Indexing for 
Obstetrics and Gynecology 


Code Book 



CONTENTS 


Column 

1 to 6 

Unit numbers 

7 

Month of discharge 

8 to 9 

Year of discharge 

10 

Admittance (Obs. and Gyn.) 

11 to 16 

Age, race, class, condition, etc., on 
admission 

17 to 18 

Past history 

19 

Pelves 

20 

Toxemias 

21 to 26 

Labor, position, termination, etc. 

27 

Open 

28 to 31 

Primarily obstetric operations 

32 to 35 

Fetus and newborn 

36 

Perverted pregnancy 

37 to 38 

Menstruation, Menopause and 
Sterility 

39 to 41 

Malposition and relaxation 

42 to 43 

Miscellaneous disturbances 

44 

Anomalies, etc. 

45 to 46 

Malignancies 

47 to 48 

Neoplasms, benign 

49 to 53 

Primarily gynecologic operations 

54 to 56 

Peritoneal and pelvic infections 
and etiology 

57 

Lues and Tuberculosis 


Column 

58 

Venereal Disease 

59 

Breast 

60 

Cardiac system 

61 

Endocrine system 

62 to 63 

Gastro-Intestinal system 

64 to 65 

Nervous system 

66 

Orthopedic system 

67 

Respiratory system 

68 to 69 

Special Senses and Dermatological 
system 

70 

Urinary system 

71 

Vascular and Hematopoietic 
system 

72 

Miscellaneous diseases (not Obs. 
and Gyn.) 

73 to 74 

Complication Classifications 
(Obs. and Gyn.) 

75 

Special Therapy 

76 

Morbidity rates and blood 
pressures 

77 to 78 

Height, weight and body type 

79 

Autopsy, Glycosuria (non-diabe¬ 
tic), and Antenatal care 

80 

Treatment and Condition on Dis¬ 
charge 


Directions for filling out the top of the summary sheet on Obstetric patients 
Directions for filling out the top of the summary sheet on Gynecologic patients 
Outline for Gynecologic operations 
Outline for history of operative deliveries 
Instructions for writing cesarean section histories 
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COLUMNS I to 6 UNIT NUMBER 


Use the corresponding number in each corresponding digit. 

COLUMN 7 MONTH OF DISCHARGE 

Use for number of month of discharge, number in each digit corresponding 
to number of month. 

O October X November Blank December 


COLUMNS 8 to 9 YEAR OF DISCHARGE 

Employing last two numbers in year (’09, ’77, etc.), and using same num¬ 
ber in corresponding digits. 


COLUMN 10 ADMITTANCE (OBS. AND GYN.) 

0 Eegistered first in Obs. and Gyn. O.P.D.—not referred by physician. 

1 Eegistered in Obs. and Gyn. O.P.D.—referred from other Clinics of 
University of Chicago. 

2 Eegistered first in Obs. and Gyn. O.P.D.—referred by outside physician. 

3 Hospitalized in Obs. and Gyn. from Obs. and Gyn. O.P.D. 

4 Hospitalized in Obs. and Gyn. by transfer from other service of Uni¬ 
versity of Chicago Clinics. 

5 Admitted directly to hospital from outside without O.P.D. visitation. 

6 Previously hospitalized on this service (Obs. and Gyn.) for present con¬ 
dition (e.g., the same pregnancy or same tumor, infection, etc.). 

7 Seen by our Obs. and Gyn. Department in Home Service O.P.D. or in 
Hospital for previous pregnancy (state whether Obs. or Gyn. this time). 

8 Seen by our Obs. and Gyn. Department in Home Service O.P.D. or in 
Hospital for Gyn. state—not the same as this visit (state whether Obs. 
or Gyn. this time). 

9 Open. 


COLUMN II RACE AND ECONOMIC CLASSIFICATION 

Note if mixed races, check accordingly. 

0 Caucasian (all white races, including Latin races, Jews, Balkans, Kus- 
sians, etc.). 

1 Oriental (Chinese, Japanese, Korean, Tibetans, etc.). 

2 Ethiopian (all negroes). 

3 Indian (North and South American). 

4 Other (Hindu, Eskimo, Persian, Arabian, Egyptian, Moroccoan, Turks, 
New Zealand and Australian Aborigines, Siamese, Philippines, Ha- 
waiians, etc.). 

5 W.P. Ward patients—paying ward rates. 

6 P—S.P. Private and semi-private patients of Teaching Staff. 

7 P—S.P. Private and semi-private of Courtesy Staff. 

8 W.F. Free patients—patients paying nothing themselves for hospital 
or professional services (including those whose expenses are paid by 
charities and societies for indigents). 

9 W.P.P. Part free patients—patients paying part of the hospital ex¬ 
pense but nothing for professional service. 


COLUMNS 12-13 AGE 

Age of patient recorded by year of birth, using last two years, as ’89, ’97, 
’14, etc., and corresponding columns and numbers for corresponding 
digits and numbers. 


COLUMN 14 SOCIAL STATE 

0 Single (never married). 

1 Married (at this time). 

2 Widow (husband dead). 

3 Divorced, legal separation, and undivorced but separated women. 
4-9 Open 
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COLUMN 15 


CONDITION AND TYPE OF PATIENT ON ADMISSION 


0 Moribund, near death, grave. 

1 Acute or emergency, but not moribund at or on admission. 

*2 Obstetric—all patients having (or having had within 8 weeks) a pro¬ 
duct of conception, normal pregnancy, abortion, hydatidiform mole, 
ectopic pregnancy, etc. (Chech: 3, 4, 5 and 6, as needed.) 

*3 Obstetric patient not in labor. 

*4 Obstetric patient in labor. 

*5 Obstetric patient—postpartum (when admitted for state or complica¬ 
tion related to recent pregnancy up to 8 weeks after delivery—may be 
extended to 12 weeks if traceable to earlier date). 

*6 Patient had delivery attempted elsewhere and brought in for comple¬ 
tion of delivery. 

7 Gynecologic (exclude abortion, ectopic pregnancy, hydatidiform mole, 
choriopithelioma). 

8 Other types (not Obs. or Gyn.), as medical or surgical, boarders, ma¬ 
lingers, etc. 

9 Medical babies—babies brought in or brought back by mother but 
not delivered on this admission. 

♦ Check 3, 4, 5, 6, after 2. 

Note : Cases delivered on way to hospital record as postpartum and medical baby. 

COLUMN 16 SPECIAL DATA RECORDED AS ON ADMISSION OR WHEN FIRST SEEN 

0 Virgin (evidence indicating that a phallus or foreign body has not 
insulted the hymen). 

1 Nulligravida (evidence revealing a marital outlet, but never pregnant). 

2 Gravida (evidence of gestation existing or having existed, but not car¬ 
ried to viability). 

3 Para (evidence suggesting that one or more viable fetuses have been 
born). 

4 Undetermined (state of introitus and hymen, vulva and vagina not in¬ 
dicated). 

5 Medico-legal (including all potential or court cases, as rape, pregnancy 
under age of consent, question of paternity, pregnancies in widows, 
divorcees, etc.). 

6-9 Open. 


COLUMN 17 PAST HISTORY ON ADMISSION 

0 Patient has had (previously) abdominal operation(s) which was (were) 
not obstetric or gynecologic. 

1 Patient has had (one or more) abdominal gynecologic operation(s). 

2 Patient has had (one or more) vaginal gynecologic operation (s). 

3 Patient has had (one or more) cesarean section(s). 

4 Patient has had abdominal obstetric operation other than cesarean sec¬ 

tion, as No. 3. 

5 Patient has had forcep(s), version(s), and/or extraction(s) of fetus(es). 

6 Patient has had vaginal obstetric operation (other than No. 5), such 
as episiotomies, Duhrssen’s, etc. 

7 Patient has had destructive operation(s) and/or still-born baby(ies). 

8 Patient has had treatment for infertility or sterility (all such cases 
receiving any such treatment, help, etc.). 

9 Patient has received previously X-ray and/or radium therapy. 


COLUMN 18 PAST HISTORY CONTINUED 

*0 Patient has had (one or more) intentional abortion(s). 

1 Patient has had (one or more) unintentional abortion(s). 

2 Patient has had puerperal or post-abortal sepsis. 

3 Patient has had hemorrhage and/or shock in previous Obs. or Gyn. 
episode (exclude abruptio placenta} and placenta praevia). 

4 Patient has had placenta praevia and/or abruptio placentae. 

5 Patient has had one or more toxemias (exclude hyperemesis) of preg¬ 
nancy or known to have nephritis or nephrosis without pregnancy. 

6 Patient has had hyperemesis gravidarum (the pathologic state and not 
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the more common type of vomiting in pregnancy). 

7 Patient has had vulval pruritis, particularly in previous pregnancy. 

8 Patient has had previously one or more gynecologic conditions. 

9 Miscellaneous for such as breast abscess, etc. 

* Abortion means termination before the 22nd week of gestation, or a fetus 
less than 28 cm. long and weighing less than 400 gms. 




DETAILS TOR CUSSDTUG PELVES 
oounn i9 


TRANSVERSE 
FUNNEL_ 


Inter-splnea 

Inter-crests 

25-28 

25-51 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

Decreased 

Decreased 

Ratio altered 

2-4 cm. normal 

Ratio altered 

Decreased 

Decreased 

Inter-troch. 

50-53 

Unchanged 

Unchanged 

Decreased 



Ext. conj. 

Rt. 

18-21 

21* 

Probably 18 
or lees 

Unchanged 

Decreased 

Decreased 

Decreased 

Ext. obi. Lt. 

22 






C. D. 

11.5 

11 or leas 

Unchanged 

11.5 or leaa 

11 or leaa 

11.5 or leas 

C. V. 

9.5 






Bi-isch. 

9-11 

Unchanged 

8 or leaa 

8 or leaa 

Increased 

Increased 

Post-aag. 

Ant.-Post. 

7.5- 9 

9.5- 11 

Unchanged 

Unchanged 

May be in¬ 
creased 

May be in¬ 
creased 

Decreased 

Decreased 




ant.-post, funnel 

Other types os Naegle, Roberts, osteomalacia, etc., diagnosed by usual standards. 



See chart above for details for classifying pelves. 

0 Normal — include justo-major as normal. 

1 Contracted—congenital 

A. Flat 

?■ I™™}. 1 or combination 

C. Masculine j 

D. Generally contracted—justo-minor 

E. Naegle 

F. Roberts 

G. Assimilation 

2 Contracted—acquired (resulting from disease or injury) 

A. Rachitic 

(a) Typical 

(b) Flat 

(c) Generally contracted 

B. Osteomalacic 

C. Fractured pelvis 

D. Spinal changes 

(a) Spondylolisthesis 

(b) Kyphosis 

(c) Scoliosis 

(d) Lordosis 

(e) Posture 

E. Lameness 

(a) Unilateral 

(b) Bilateral 

3 Contracted—miscellaneous 

A. Endocrinal pelves 

B. Dwarfism, etc. 

4 Pelves—undetermined (not classified above). 

5-9 Open. 
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COLUMN 20 


TOXEMIAS 


0 Essential hypertension 

A persistent elevation of blood pressure of 140 mm. or more, with¬ 
out any other signs or symptoms of toxemia, nephritis, or arterio¬ 
sclerosis. 

1 Nephritis 

History of nephritis. The occurrence of hypertension, edema, albu¬ 
minuria, abnormal number of formed elements in the urine sediment, 
a persistent impairment of kidney function, history of repeated 
abortions or premature labor, with a negative Wassermann, and/or 
marked infarction of the placenta are indicative of a nephritis. 

2 Nephrosis 

The occurrence of edema, albuminuria, normal number of formed 
elements, normal kidney function and no hypertension, together with 
low serum proteins and a cholesterolemia. 

3 Pre-eclampsia 

The sudden occurrence of hypertension above 130 (repeated deter¬ 
mination), edema, albuminuria, normal kidney function, with or 
without headache, visual disturbances, epigastric pain, vomiting, ab¬ 
normal weight gain, diminution of urinary output. 

4 Eclampsia 

Idem, associated with either convulsions or coma or both. 

5 Eyperemesis gravidarum 

The occurence of nausea and/or vomiting to a degree sufficient to 
cause: A loss of weight of 5 per cent or more, a persistent pulse 
rate of 120 or more, neuritis, jaundice, hematuria. 

6 Miscellaneous 

Acute yellow atrophy, jaundice of unknown origin, nervous disorders 
of unexplained origin, neuritis. 

7-9 Open. 


COLUMN 21 LABOR 

0 Spontaneous onset, without aid, as defined in 3 and 5 below. 

1 False labor. 

2 Drug induction of labor attempted (all types by drugs). 

3 Drug induction of labor failed (no onset within 24 hours). 

4 Mechanical induction of labor attempted (bag, bougie, stripping mem¬ 
branes, rupture of membranes, packing, etc.). 

5 Mechanical induction failed (no onset within 24 hours). 

6 Short labor 

Primipara less than 10 hours 
Multipara less than 5 hours 

7 Average labor 

Primipara 10 to 24 hours 
Multipara 5 to 20 hours 

8 Long labor 

Primipara over 24 hours 
Multipara over 20 hours 

9 Open. 


COLUMN 22 LABOR CONTINUED 

0 Termination—spontaneous (without aid other than outlet maneuver— 
exclude breeches and outlet foreeps, etc.). 

1 Artificial (operative or manual aid, as extraction, version, etc.). 

2 Blood loss—small (less than 100 c.c.-—estimated, not measured). 

3 Blood loss—-moderate (100 to 500 c.c.—estimated, not measured). 

4 Blood loss—excessive (over 500 c.c.—estimated, not measured). 

5 Blood loss—small (less than 100 c.c.—measured). 

6 Blood loss—moderate (100 to 500 c.c.—measured). 

7 Blood loss—excessive (over 500 c.c.—measured). 

8 Antepartum genital bleeding due to causes not specified where patient 
was seen or examined to determine cause of bleeding. 

9 Manual exploration of uterus. 
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COLUMN 23 


MEMBRANES 


0 Rupture—spontaneous, unintentional, or accidental. 

1 Intentional rupture by artificial means. 

2 Premature rupture—before onset of labor. 

3 Early rupture—after onset of labor but before 6 cm. dilatation. 

4 Usual rupture—after 6 cm. to beginning of second stage (complete 
dilatation). 

5 Delayed rupture—-remaining intact after onset of second stage. 

6-9 Open. 

COLUMN 24 INLET PRESENTATION AND POSITION* 

0 Occiput 

1 Other cephalic (face, brow, etc.) 

2 Breech 

3 Transverse (scapula) 

4 Right—side 

5 Left 

6 Anterior 

7 Transverse 

8 Posterior 

9 Miscellaneous 

* Punch one of: 

0, 1, 2, or 3, 4 or 5 (except where a direct anterior or posterior), 

6, 7, or 8, Unless 9. 

COLUMN 25 OUTLET PRESENTATION AND POSITION* 

0 Occiput 

1 Other cephalic (face, brow, etc.) 

2 Breech 

3 Cross (scapula) 

4 Right 

5 Left 

6 Anterior 

7 Transverse 

8 Posterior 

9 Miscellaneous 

* Punch one of : 

0, 1, 2, or 3, 4 or 5 (except where a direct anterior or posterior), 

6, 7, or 8 Unless 9. 

COLUMN 26 PLACENTA, CORD, AND AMNIOTIC FLUID 

0 Placenta—abnormal (excessive size, weight more than one-fourth of 
weight of baby, placentitis, lues, etc., small—less than one-eighth of 
weight of baby). 

1 Placenta—abnormal site, prsevia, etc. 

2 Abruptio placentae and premature separation. 

3 Other abnormal placentae, as adherent, extra lobes, multiple deformities, 
etc. 

4 Cord entanglement about fetus. 

5 Cord prolapse—occult and other. 

6 Cord—miscellaneous (abnormal length over 75 or less than 25 cm.), 
knots, ruptures, etc. 

7 Amniotic fluid—normal amount (100 to 750 c.c.). 

8 Amniotic fluid—excessive amount (polyhydramnios—more than 750 c.c.). 

9 Amniotic fluid—miscellaneous. Oligohydramnios—(less than 100 c.c.). 

COLUMN 27 SPACE RESERVED FOR EXPANSION OF CODE 

COLUMN 28 OPERATIONS—PRIMARILY OBSTETRIC 

0 Episiotomy and perineotomy—repair (record only when episiotomy is 
repaired or when perineum has incision and plastic repair—see Column 
41, No. 0 for unrepaired episiotomy). 
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COLUMN 29 


COLUMN 30 
COLUMN 31 

COLUMN 32 


1 Duhrssen’s incision—incision of cervix to aid in dilatation of cervix 
(by vaginal route). 

2 Manual removal of placenta—for manual removal of part or of all of 
placenta (limited to premature, term, and excessive sized fetuses). 

3 Uterine tamponade—uterine packs, etc. 

4 Low and/or prophylactic forceps (lowest portion of presenting part 
must be at or on pelvic floor at beginning of operation). 

5 Mid forceps (when presenting part is above pelvie floor, but greatest 
diameter of head is through or at inlet at beginning of operation). 

6 High forceps and floating forceps (when greatest diameter is definitely 
above inlet of pelvis at beginning of operation). 

7 Manual rotation of fetal head from a posterior position to transverse or 
anterior variety. This does not include rotations from the transverse or 
anterior positions to anterior place. 

8 Forceps rotations—from posterior position to transverse or anterior 
variety. Does not include rotation from transverse or anterior position. 

9 Forceps on aftercoming head—application of forceps made on the after¬ 
coming head. 


OPERATIONS CONTINUED 

0 "Version without extraction—Braxton-Hicks, converting to a breech but 
without extraction. 

1 "Version and extraction—extraction of fetus after version. 

2 Cephalic version—converting position from another to a head presen¬ 
tation. 

3 Conversion—changing the presenting pole by flexion, extension, prona¬ 
tion and/or rotation to another part, as face to oeciput, etc. (exclude 
rotation of occiput from one to another positions). 

4 Breech extraction—when breech occurs without external or internal 
version, but receives aid in the delivery. 

5 Destructive operations—include craniotomy, evisceration, gross amputa¬ 
tions and decapitations, etc. 

6 Hysterotomy—-incising and closing uterus, especially for producing 
abortion abdominally (exclude cesarean sections and vaginal hyster¬ 
otomy), prior to fetal viability. 

7 Laparotrachelotomy and atypical sections—include low cervical or low 
segment cesarean section. 

8 Classic sections—all other general types—includes porro.* 

9 "Vaginal cesarean section—vaginal hysterotomy. 

* (All other operations punch under gynecology—i-e., for porro, punch classic 
c.s. and also subtotal hysterectomy). 


SPACE RESERVED FOR EXPANSION OF CODE 


TIME OF OBSTETRIC OPERATION 

0 Before onset of labor. 

1 During first stage. 

2 During second stage. (Episiotomy repair—check in postpartum.) 

3 During third stage. 

4 During postpartum period. (Episiotomy repair—-here.) 

5-9 Open. 


WEIGHT OF NEWBORN AT BIRTH 

0 Less than 1,000 grams 

1 1,001 to 1,500 grams 

2 1,501 to 2,000 grams 

3 2,001 to 2,500 grams 

4 2,501 to 3,500 grams 

5 3,501 to 4,500 grams 

6 4,501 to 5,000 grams 

7 5,001 or more grams 

8-9 Open. 
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COLUMN 33 


FETUS AND NEWBORN—VIABILITY 


*0 Abortion 

1. Less than 28 cm. long. 

2. Less than 400 gm. in weight. 

3. Less than 22 weeks (missed abortions are excluded). 

*1 Premature 

1. From 28 to 47 cm. long. 

2. From 400 to 2,499 gm. in weight. 

3. From 22nd to end of 37th week of gestation. 

*2 Term 

1. From 47 (+) cm. to 54 (—) cm. long. 

2. From 2,500 to 4,499 gm. in weight. 

3. From 38th to end of 43rd week. 

*3 Excessive size (post-mature). 

1. More than 54 (•+) cm. long. 

2. More than 4,500 gm. in weight. 

3. More than 43 weeks. 

4 Antenatal death = death before onset of labor. 

5 Intranatal death = death during labor. 

6 Postnatal death = showing signs of life at birth but not being resusci¬ 
tated (breathing). 

7 Neonatal death = living at birth but dying before discharge from 
hospital (do not confuse with postnatal death). 

8 Living birth. 

9 Autopsy on fetus or newborn. 

* Given in order of importance, any two of which will make diagnosis 
permissible. 


COLUMN 34 FETUS AND NEWBORN—DISEASES 

0 Suffocation, aspiration, etc. (Include prolapsed cord, separation of 
placenta, knotted cord, rupture of cord, premature inspiration, etc.) 

1 Trauma—major (include intracranial hemorrhage, brain, cord and major 
nerve injury, serious fractures, etc.). 

2 Trauma.—minor (include minor abrasions, caput succedaneum, etc.). 

3 Infection—congenital (lues and others which are present before onset 
of labor and before interference). 

4 Infection—other major (gonorrhea of eyes, rectum, etc., pemphigus, 
impetigo, thrush, etc.). 

5 Infection—minor (slight or less serious, as heat rash, non-specific con¬ 
junctivitis, etc.). 

6 Prematurity and/or immaturity. 

7 Congenital state—major (spina bifida, hydrocephalus, anencephalus, 
abdominal and thoracic defects, grave or incompatible (with life) ano¬ 
malies and defects (gastro-intestinal, etc.), kidney diseases, etc., hare 
lip, cleft palate). 

8 Congenital state—minor (supernumerary digits, club foot). 

9 Miscellaneous and icterus neonatorum (only grave type). 


COLUMN 35 SEX, FEEDINGS, AND DISCHARGE STATE OF NEWBORN 

0 Sex—male (for single pregnancy). 

1 Sex—female (for single pregnancy). 

2 Sex—male (for multiple pregnancy)—if two or more male children, 
check 0 and 2. 

3 Sex—female (for multiple pregnancy—if two or more female children, 
check 1 and 3). 

4 Feeding—breast only. 

5 Feeding—artificial only. 

6 Feeding—combination of breast and artificial. 

7 Discharged—alive and satisfactorily. 

8 Discharged—alive but unsatisfactorily or transferred to other service. 

9 Circumcised before leaving hospital. 
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COLUMN 36 


PERVERTED PREGNANCY 


Abortion includes gestation termination with length less than 28 cm., wt. 
less than 400 gins., or less than 22 weeks (any two will establish). 

*0 Abortion—complete (the product of conception passed or removed com¬ 
pletely before admission). 

1 Abortion—threatened (include inevitable, imminent, etc.). 

2 Abortion—incomplete of first trimester, retained secundines. 

3 Abortion—incomplete of second trimester, retained secundines. 

4 Abortion—intentional—done for therapeutic reasons. 

5 Abortion—intentional—done merely to terminate gestation and without 
legal reason, whether done by patient or an abortionist. 

6 Abortion—unintentional-—occurring without an introductory stimulation. 

7 Abortion—missed (fetus died in previable periods, but not expelled or 
removed until some time later). 

8 Ectopic—any gestation not within the uterine cavity, whether intact or 
ruptured, dead or living. 

9 Hydatidiform mole and/or chorioepithelioma. 

* Check 1, 2, 3, 4, 5, 6, and/or 7 also as needed with 0. 

COLUMN 37 MENSTRUATION 

0 Abnormal onset—catamenia (delayed or precocious under 11 and over 
16 years). 

1 Hypomenorrhea—scanty menstruation (record if no organic cause 
found). 

2 Hypermenorrhea (menorrhagia)—record if no organic cause found. 

3 Polymenorrhea, metrorrhagia (record if no organic cause found). 

4 Amenorrhea (record if no organic cause found). 

5 Irregular menstruation (record if no organic cause found). 

6 Vicarious menstruation. 

7 Dysmenorrhea (painful periods—whether local or generalized). 

8-9 Open. 

COLUMN 38 STERILITY AND MENOPAUSE 

0 Sterility in male (include if any factors predisposing to infertility). 

1 Sterility in female (include if any factors predisposing to infertility). 
Check 2, 3 or 4. 

2 Sterility in female (tubal). 

3 Sterility in female—other (except endocrine). 

4 Sterility in female—endocrinal. 

5 

6 Menopause—physiological. 

7 Menopause—artificial. 

8 Menopause—abnormal (as premature, delayed); (delayed over 50 years). 

9 Post-menopausal bleeding (only when no organic cause is found). 

COLUMN 39 MALPOSITION OF UTERUS AND ADNEXA 

0 First and second degree retroversion 

First degree—fundus of uterus between normal, anterior and prom¬ 
ontory of sacrum. 

Second degree—fundus of uterus from promontory to body of third 
sacral vertebra. 

1 Third degree retroversion—fundus of uterus below third sacral vertebra. 

2 Postpartum retroversion—occurring within 6 to 12 weeks after delivery. 

3 Adherent retroversion (include fixed, immovable and incarcerated uteri). 

4 Symptoms produced by retroversion (other factors must be eliminated 
first). 

5 Prolapse 

First degree—from normal position until cervix gets to introitus. 
Second degree—cervix protrudes through but corpus is not outside 
introitus. 

6 Prolapse 

Third degree—corpus outside introitus. 

7 Inversion of uterus—all types. 

8 Other malpositions of uterus (lateral, etc., retroversion). 

9 Abnormal displacement of adnexa (when not associated with retroversion 
and prolapse of uterus). 
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COLUMN 40 LACERATION AND RELAXATION 

0 Cystocele (all degrees—anterior colpocele). 

1 Eectocele (all degrees—posterior colpoeele). 

2 Urethrocele, urethral caruncle, and urethral prolapse. 

3 Enterocele and/or vaginal hernia. 

4 Fistula—all kinds—invading the reproductive or genital tract. 

5 Eversion, ectropion of cervix. 

6 Erosion of cervix. 

7-9 Open. 


COLUMN 41 LACERATION CONTINUED 

0 Episiotomy unrepaired (made but not repaired). 

1 Perineal lacerations—first and second degree—recent. 

First degree—skin and mucosa but no muscle—with this delivery. 
Second degree—from muscle to sphincter and/or rectum. 

2 Perineal lacerations—first and second degree—old. 

3 Perineal laceration—third degree or complete—recent (involves sphinc¬ 
ter and/or rectum—with this delivery). 

4 Perineal laceration—third degree or complete—old. 

5 Vaginal laceration—recent (excluding perineal injury). 

6 Vaginal laceration—old (excluding perineal injury). 

7 Cervical laceration—recent—with this delivery. 

8 Cervical laceration—old. 

9 Uterine laceration or rupture—all kinds. 


COLUMN 42 MISCELLANEOUS DISTURBANCES 

0 Fibrosis uteri. 

1 Subinvolution of the uterus (Obs. and Gyn.). 

2 Hyperplasia endometrium—simple. 

3 Polyps and polyposis—benign neoplasm of endometrium. 

4 Kraurosis vulva;. 

5 Senile atrophy—of female genital organs. 

6 Foreign body in generative tract or pelvis. 

7 Eeturn case —new diagnosis made. 

8 

9 Gyn. and/or Obst. states absent. 

No Gyn. or Obst. diagnosis. 

Normal pelvis. 


COLUMN 43 MISCELLANEOUS DISTURBANCES 

0 to 3, open. 

4 Pruritis vulvse—etiology unknown. 

5 

6 Hematometra and loehiometra. 

7 Hematoma—in Gyn. patient. 

S Hematoma—in Obs. patient. 

9 Miscellaneous. 


COLUMN 44 ANOMALIES, DEFECTS AND MALFORMATIONS, ETC. 

0 Vulva and vulvovaginal glands. 

1 Urethra and bladder. 

2 Vagina. 

3 Perineum, anus and rectum. 

4 Cervix uteri (include stenosis of cervix). 

5 Corpus uteri and endometrium. 

6 Fallopian tubes. 

7 Ovaries. 

8 Pelvis, miscellaneous, ligaments, etc. 

9 Breasts, nipples, etc. 
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COLUMN 45 


COLUMN 46 


COLUMN 47 


COLUMN 48 


COLUMN 49 


MALIGNANCY—CARCINOMA OF—PUNCH PRIMARY SITE ONLY 

0 Vulva and vulvovaginal glands. 

1 Urethra and bladder. 

2 Vagina. 

3 Perineum, anus and rectum. 

4 Cervix uteri. 

5 Corpus uteri and endometrium. 

6 Fallopian tubes. 

7 Ovaries. 

8 Pelvis, miscellaneous, ligaments, etc. 

9 Breasts, nipples, etc. 


MALIGNANCY—SARCOMA OF—PUNCH PRIMARY SITE ONLY 

0 Vulva and vulvovaginal glands. 

1 Urethra and bladder. 

2 Vagina. 

3 Perineum, anus and rectum. 

4 Cervix uteri. 

5 Corpus uteri and endometrium. 

6 Fallopian tubes. 

7 Ovaries. 

8 Pelvis, miscellaneous, ligaments, etc. 

9 Breasts, nipples, etc. 


BENIGN NEOPLASM OF 

0 Vulva and vulvovaginal glands. 

1 Urethra and bladder. 

2 Vagina. 

3 Perineum, anus and rectum. 

4 Cervix uteri. 

5 Corpus uteri (endometrial benign neoplasms in Col. 42, No. 3). 

6 Fallopian tubes. 

7 Ovaries. 

8 Pelvis, miscellaneous, ligaments, etc. 

9 Breasts, nipples, etc. 


OTHER PATHOLOGIC STATES 

0 Endometriosis. 

1 Multiple small cysts of ovary. 

2 Teratoma—solid. 

3 Teratoma—cystic. 

4 Metastatic tumors. 

5 Rare ovarian tumors (unclassified), granulosa, etc. 
6-9 Open. 


OPERATIONS (31-35 Inclusive, primarily gynecologic) 

0 Examination under anesthesia—used only in absence of other procedures. 

1 Operation upon Bartholin's glands, clitoris, and hymen (except biopsy). 

2 All other vulval operations (except biopsy). 

3 Dilatation of cervix and/or curettage of cervical canal and/or uterus. 

4 All cauteries on cervix (chemical, electrical, therapeutic or destructive). 

5 Biopsy on any pelvic organ. 

6 Removal of polyp of cervix, uterus, vagina, or vulva. 

7 Insertion of any type of pessary. 

8 Removal of foreign body from any pelvic organ (exclude pessary if a 
therapeutic procedure). 

9 Rubin’s test and/or visualization study of reproductive tract. 
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COLUMN 50 OPERATIONS CONTINUED 

0 Anterior vaginal plastic and repair, as cystoeele, urethrocele (exclude 
fistula repair and interposition operation, biopsy). 

1 Posterior vaginal plastic—reetocele, enterocele, and repair of perineal 
and anal sphincter lacerations (exclude biopsy). 

2 Other vaginal operations—occlusion, reconstruction, etc. (exclude biopsy, 
pessary insertion, vaginal hysterectomy, interposition operation, etc.). 

3 Urethral operations. 

i Any and all fistulse repairs or operations directed toward such. 

5 Cervical plastic—repairs and reconstructions, etc. 

6 Cervical amputation and other operations. 

7 Hemorrhoidectomy—when done on this service. 

8 Drainage operation (abdominal or vaginal) of abscesses, hematomas, 
etc. (exclude breast). 

9 Breast abscess drainage. 


COLUMN 51 OPERATIONS CONTINUED 

0 Hysterectomy—subtotal or supravaginal—removal of the body of the 
uterus without the cervix, tubes or ovaries (Check 2 or 3). 

X Hysterectomy—total—removal of cervix and body of uterus, but with¬ 
out tubes or ovaries (Check 2 or 3). 

2 0 or X—by abdominal route. 

3 0 or 1—by vaginal route. 

4 Salpingectomy—unilateral (only one tube removed). 

5 Salpingectomy—bilateral (both tubes removed). 

6 Salpingostomy—operation upon tube (not for removal or for steriliza¬ 
tion-sterilization in Column 53, No. 9). 

7 Oophorectomy—unilateral (removal of all of one ovary). 

8 Oophorectomy—bilateral (removal of both ovaries in to to). 

9 Oophorectomy—partial (removal of part of one or of each ovary). 

COLUMN 52 OPERATIONS CONTINUED 

0 Uterine suspension—operation for support of the operation (exclude 
interposition) includes suspension, fixations and shortening of ligaments. 

1 Myomectomy—removal of fibroid nodules from the body of uterus. 

2 Bemoval of other abdominal newgrowths by abdominal or vaginal route. 

3 Exploratory laparotomy—operation within abdomen, for explorations, 
diagnosis, and treatment of obscure preoperative diagnosis, or for con¬ 
ditions not otherwise covered. 

4 Interposition—transposition of uterus. 

5 Appendectomy—all types. 

6 Herniotomy—any type repaired in connection with Obs. and Gyn. work. 

7 Yiscus repair—repair of injury or defect of any viscus or viscera not 
included above, as bladder, urethra, bowel, etc., blood vessels, etc. 

8 Wertheim and other radical operations. 

9 Badium and radon therapy—application in any form. 

COLUMN 53 OPERATIONS CONTINUED 

0 to 4, open. 

5 Separation of abdominal adhesions. 

6 Bladder visualization. 

7 Amniography. 

8 Ovarian transplant—any and all types. 

9 Intentional sterilization—any procedure directed at such, whether by 
ligation of tubes, cautery of horns, resections, X-ray or radium, or sensi¬ 
tizations, etc. 

COLUMN 54 INFECTION 

0 Pelvic peritonitis. 

1 General (abdominal) peritonitis. 

2 Ileus (paralytic)—ileus due to infection recorded under 0 or 1. 

3 Pelvic adhesions—regardless of cause. 

4 Pelvic abscess—whether single or multiple. 
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5 Abdominal wound—infected or defective healing process. 

6 Perineal and vaginal wounds—infected or defective healing process. 

7 Cervical wound—infected or defective healing process. 

*8 Septicemia and bacteriemia. 

9 Eventration. 

* Puerperal septicemia is an infection arising from or localizing in the female 
genitalia in association with pregnancy, its termination, or the puerperium and 
producing the systemic symptoms and findings of sepsis (infection). 


COLUMN 55 INFECTION 

0 Vulvitis and vaginitis—all types. 

1 Bartholinitis, skenitis—all types. 

2 Urethritis—all types. 

3 Cystitis—all types. 

4 Rectal and anal infections—all types. 

5 Cervicitis and endoeervieitis—all types. 

6 Endometritis, metritis—all types. 

7 Salpingitis, salpingo-oophoritis, and oophoritis—all types. 

8 Peri- and parametritis, with adnexitis—also cellulitis. 

9 Residual pelvic inflammation, particularly old. 


COLUMN 56 ETIOLOGY OF INFECTION 

0 Pungous—all types of fungi. 

1 Protozoan—all types of protozoa. 

2 Gonococcic—acute. 

3 Gonococcic—chronic. 

4 Pyogenic—acute (all bacteria not in 2, 3, 6, 7 and 8). 

5 Pyogenic—chronic (all bacteria not in 2, 3, 6, 7 and 8). 

6 Lues—all types. 

7 Tuberculosis—all types. 

8 Other granulomas and venereal not elsewhere checked. 

9 Open. 


COLUMN 57 


LUES AND TUBERCULOSIS 

0 Lues—primary, genital or otherwise. 

1 Lues—secondary. 

2 Lues—latent—four plus blood Wassermann and without symptoms. 

3 Lues—cerebro spinal, congenital lues, and other. 

4 Open. 

5 Tuberculosis—pulmonary. 

6 Tuberculosis—urinary. 

7 Tuberculosis—genital. 

8 Tuberculosis—lymph glands. 

9 Tuberculosis—gastro-intestinal and other structures. 


COLUMN 58 VENEREAL DISEASE 

Venereal Includes Gonorrhea, Syphilis, Chancroid, Granuloma Inguinale, 
Lymphogranuloma, etc. 

0 Gonorrhea—genital. 

1 Gonorrhea—extra-genital. 

2 Other venereal—genital. 

3 Other venereal—extra-genital. 

4-9 Open. 


COLUMN 59 


BREAST 

0 to 4, open. 

5 Cracked nipples—all degrees. 

6 Non-inflammatory congestion of breast. 

7 Inflammation without suppuration. 

8 Inflammation with suppuration. 

9 Breast conditions not diagnosed elsewhere. 
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COLUMN 60 


CARDIAC SYSTEM 


If more than one involved, check accordingly. 
0 Pericarditis—-all types. 

1 Endocarditis—all types. 

2 Myocardial changes, degeneration, etc. 

3 Valvular disease—all types. 

4 Fibrillation—all degrees. 

5 Acute dilatation. 

6 Decompensation present—all degrees. 

7 Coronary disease—all types. 

8 Congenital heart states. 

9 Miscellaneous. 


COLUMN 61 ENDOCRINAL DISEASES 

If more than one involved, record accordingly. 

0 Diabetes mellitus. 

1 Hypothyroidism. 

2 Hyperthyroidism and dysthyroidism. 

3 Hypopituitarism and infantilism. 

4 Hyperpituitarism, acromegaly and gigantism. 

5 Dyspituitarism—Frohlieh’s syndrome. 

6 Obesity. 

7 Open. 

8 Addison’s disease and other suprarenal diseases. 

9 Miscellaneous diseases of parathyroid, thymus, etc. 

COLUMN 62 ©ASTRO-INTESTINAL TRACT (ESOPHAGUS, STOMACH, INTESTINES) 

If more than one involved, record as such. 

0 Infection of gastro-intestinal tract or portion of it. 

1 Ulcer—upper gastro-intestinal tract. 

2 Constipation—all degrees. 

3 Obstruction—all types. 

4 Appendicitis. 

5 Parasites, as worms, etc. 

6 Colitis—all types, except specific, such as typhoid, etc. 

7 Rectal or anal disease—exclusive of hemorrhoids (see Col. 71, No. 2). 

8 Dysentery diseases—not elsewhere diagnosed. 

9 Miscellaneous. 


COLUMN 63 GASTRO-INTESTINAL GLANDS 

All glands except pituitary—derived in part or all from gastro-intestinal 
tract—if more than one involved, record as such. 

0 Cholecystitis—acute. 

1 Cholecystitis—chronic. 

2 Cholelithiasis. 

3 Cholangitis. 

4 Hepatitis. 

5 Hepatic abscess. 

6 Retrogressive change in liver—cirrhosis, atrophy, etc. 

7 Pancreatitis—all other states except diabetes mellitus. 

8 Spleen—all diseases. 

9 Miscellaneous for gastro-intestinal gland—parotitis (not epidemic), etc. 

COLUMN 64 NERVOUS SYSTEM 

0 Brain-disease due to circulatory disturbances, as hemorrhage, ischemia, 
infarction, thrombosis, ete. (excluding lues). 

1 Brain—infections (encephalitis, abscess, etc.), old and recent. 

2 Brain—other diseases as tumor, trophic disturbances, hydrocephalus, 
micro- and maerocephalus. 

3 Cord—infections (all types and degrees of kind), excluding lues, polio¬ 
myelitis, etc. 

4 Cord—injuries (traumatic, chemical, metabolic, etc.). 

293 



5 Cord—other states. 

6 Meninges—infections and all other states. _ 

7 Nerves—peripheral and cranial (infection, trauma, neuritis, etc.). 

8 Nerves—other states (neuralgia). 

9 Miscellaneous. 

COLUMN 65 NERVOUS SYSTEM 

0 Epilepsy—all types. 

1 Chorea—all types. 

2 Psychopathic tendencies and personalities, abnormal worry, neurosis, 
mental exhaustion, psyehoneurosis. 

3 Psychopathic tendencies and personalities, sexual references, masturba¬ 
tion, phantom tumors, pseudocyesis, vaginismus, excesses, frigidity. 

4 Psychoses—all types. 

5 Mental deficiencies—moron, imbecile, feebleminded, etc. 

6 Headaches—of migraine origin. 

7 Headaches—other than migraine—functional only (exclude those due 
to organic states). 

8 Sleep disturbances, insomnia, somnabulism. 

9 Miscellaneous (diagnose convulsions under cause). All convulsions not 
due to eclampsia. 

COLUMN 66 ORTHOPEDIC 

0 Sacro-iliac disease. 

1 Sacro-coccygeal diseases—including sacro-seiatica. 

2 Backache—due to cause other than reproductive system. 

3 Lumbo-sacral disease. 

4 Open. 

5 Arthritis—all degrees and types. 

6 Separation of symphysis. 

7 Fractures (not pelvic)—old and recent. 

8 Fractures (pelvic)—old and recent. 

9 Miscellaneous. 

COLUMN 67 RESPIRATORY SYSTEM* 

0 Simple upper respiratory disease—rhinitis, laryngitis, nasopharyngitis. 

1 Bronchitis—all types. 

2 Broncho pneumonia—all types. 

3 Lobar pneumonia—all types. 

4 Influenza—all types. 

5 Embolism and infarction—all degrees. 

6 Pleurisy—all degrees without effusion. 

7 Pleurisy—all degrees with effusion. (If later absorbed record as with 
effusion). 

8 Empyema. 

9 Miscellaneous—abscess. 

* (See Col 72 for sensitization). 

COLUMN 68 SPECIAL DISEASES 

0 Eye—infections. 

1 Eye—vascular change. 

2 Eye—errors of accommodation and refractions. 

3 Other eye conditions. 

4 Ear—infections. 

5 Ear—other conditions. 

6 Sinuses—all states (exclude mastoid). 

7 Mastoids—all states. 

8 Nose—all conditions (exclude sinuses). 

9 Miscellaneous. 

COLUMN 69 SPECIAL SENSES AND DERMATOLOGICAL SYSTEM 

0 Throat infections—tonsillitis, pharyngitis, abscess, etc. 

1 Throat—other conditions (enlarged tonsils, etc.) 
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2 Mouth, etc.—teeth, dental caries, newgrowths, etc. 

3 Mouth—infections, etc.—miscellaneous. 

4 to 7, open. 

8 Dermatitis (infection, toxic, etc.). 

9 Dermatoses—all types—neoplastic, physical, etc. 

COLUMN 70 URINARY SYSTEM 

If more than one concerned, record as such. 

0 Pyelitis—pre-delivery and pre-operative. 

1 Pyelitis—postpartum and post-operative. 

2 Perinephritic abscess. 

3 Pyelonephritis. 

4 Hydronephrosis. 

5 Hematuria—organic cause not found. 

6 Stricture—any place in urinary tract. 

7 Calculi—any place in urinary tract. 

8 Open. 

9 Miscellaneous. 


COLUMN 71 VASCULAR SYSTEM AND HEMATOPOIETIC SYSTEM AND LYMPHATICS 

0 Varicosities—genital. 

1 Varicosities—extremities. 

2 Varicosities—other (including hemorrhoids). 

3 Thrombosis and thrombophlebitis. 

4 Miscellaneous—all other vascular diseases (including lymphatics not 
elsewhere noted). 

*5 Anemia—secondary (pre-operative, antepartum). 

*6 Anemia—secondary (post-operative, postpartum). 

*7 Anemia—due to hemorrhage. 

8 Primary anemia. 

9 Miscellaneous blood diseases—leukemia, Hodgkin’s, purpura, etc. 

• Secondary anemia—10 grams or less—hemoglobin, or 59.2% or less Newcomer 
or Williamson, or 72.4% or less Palmer. Hematocrit 30.1 or less. E.B.C. 
3,150,000 or less. 


COLUMN 72 MISCELLANEOUS 

0 .Acute infectious diseases—mumps, measles, whooping cough, chicken 
pox, small pox, scarlet fever, etc. 

1 Other general infectious diseases, as typhoid, para-typhoid, etc. 

2 Other general non-infectious diseases—vitamin deficiencies, metabolic 
diseases, etc. 

3 Hernia—post-operative, abdominal or vaginal. 

4 Hernia—other. 

5 Malnutrition and inanition. 

6 Drug poisoning—all kinds (intentional or accidental). 

7 Burns—chemical, thermal, mechanical, electrical, etc. 

8 Sensitization-—asthma. 

9 Sensitization—other. 


COLUMN 73 COMPLICATION 

0 Obstetrical and/or gynecological—patient without complications. 

1 Infection—genital. 

2 Infection—extra-genital. 

3-9 Open. 

COLUMN 74 ANESTHESIA, ANALGESIA FOR ALL OBS. AND GYN. OPERATIONS AND 
ANESTHESIA COMPLICATIONS 

0 Analgesia—medications to relieve pain of labor or operations, as opiates, 
barbiturates, etc., combined as morphine, scopolamine. 

1 General anesthesia—ether (when ether only is used). 

2 General anesthesia—ethylene (when only ethylene is employed). 
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3 Combined anesthesia—ether and ethylene. 

4 Nerve block (include local, spinal, caudal, sacral, perineal, etc.) 

5 Orificial and hypodermic, as by mouth, per rectum, intravenous, intra¬ 
muscular—all types. 

6 Miscellaneous anesthesia—all others (as nitrous oxide, chloroform, and 
any others not accounted for. 

7 Open. 

8 Anesthesia complications, as anesthesia pneumonia, aspiration pneu¬ 
monia, etc. 

9 Anesthesia accidents—anesthesia over-dosage, explosives, etc. 

COLUMN 75 SPECIAL THERAPY 

0 Blood transfusion. 

1 Other intravenous (glucose, etc.). 

2 Subcutaneous, as saline, glucose, etc. 

3 Vaccine, filtrate, antitoxin, etc. 

4 Hormonal. 

5-8 Open. 

9 Hormonal test. 

COLUMN 76 FEMALE MORBIDITY AND BLOOD PRESSURES 

Puerperal morbidity includes any case with fetus over 28 cms. long, 400 

gms. weight, or 22 weeks duration. 

*0 DeLee standard—any patient (intrapartum or postpartum) who has an 
oral (mouth) temperature of 100° P. on one (or more) occasion (s) is 
febrile. 

# 1 British standard (condensed from original report—see card in file). 
Puerperal morbidity to include all fatal cases and all others having an 
oral (mouth) temperature of 100° F. or higher on any two days, ex¬ 
cluding the first postpartum day and ending with the eighth day. 

*2 Strasbourg standard (condensed from original report—see card in file). 
Puerperal morbidity includes all patients whose temperature rises above 
38°C. (100.4° P.) one time and is so maintained for more than 12 
hours, except during the first 24 hours of the puerperium. 

3 Hypotension (systolic readings)—100 mm. Hg. or less on two or more 
occasions. 

**4 Hypertension (systolic readings)—130-149 mm. Hg. must occur on at 
least two different readings. 

**5 Hypertension (systolic readings)—150-179 mm. Hg. on any one reading. 

**6 Hypertension (systolic readings)—180-209 mm. Hg. on any one reading. 

**7 Hypertension (systolic readings)—210 and over mm. Hg. on any one 
reading. 

8-9 Open. 

* Temperatures taken orally—if rectally, subtract 1° F., or if axillary add 
1° F. for corrected reading. 

** Kecord only the greatest elevation of blood pressure. 

COLUMN 77 MATERNAL WEIGHTS AND TYPES 

Weight—last antepartum weight. 

0 Less than 45 Kg. 

1 46 to 55 Kg. 

2 56 to 65 Kg. 

3 66 to 75 Kg. 

4 76 to 85 Kg. 

5 86 to 95 Kg. 

6 96 and over Kg. 

7 Type A—masculine constitution, male hirsutes, funnel pelvis. 

8 Type B—Dystrophia dystocia syndrome — normal pelvis but short 
squatty stature, spatuloid fingers, etc. 

9 Type C—visceroptotic—long abdomen, relaxed, sagging abdomen; re¬ 
laxed pelvic structures, etc. 

COLUMN 78 MATERNAL HEIGHTS 

0 Less than 145 cm. 

1 146 to 155 cm. 

2 156 to 165 cm. 
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3 166 to 175 cm. 

4 176 and above. 

5 Consultation—medical. 

6 Consultation—medical specialties (dermatology, neurology, psychiatry). 

7 Consultation—surgical. 

8 Consultation—surgical specialties (genito-urinary, orthopedic, head spe¬ 
cialist, neurology). 

9 Billings patient (for Mrs. Whipple)—patient in Billings Hospital—not 
in Lying-in as Gyn. on S. 5, etc. 


COLUMN 79 AUTOPSY, GLYCOSURIA (NON-DIABETIC) AND ANTENATAL CARE 

0 Autopsy—adult. 

1 Glycosuria (non-diabetic). 

2 to 5, open. 

6 Antenatal Care I. Registered in first trimester and received adequate 
observation. 

7 Antenatal Care II. Registered in second trimester and received ade¬ 
quate observations thereafter—or registered in first trimester but had 
inadequate followup. 

8 Antenatal Care III. Registered in last trimester, with adequate follow¬ 
up thereafter—or registered in second trimester, with inadequate follow¬ 
up. 

9 Antenatal Care IV. Received no antenatal care or wholly inadequate 
care, if registered. 


COLUMN 80 TREATMENT AND CONDITION ON DISCHARGE 

0 Expectant (Obs. and Gyn.). 

1 Operative—exclude applications of radium, biopsy, D. and C., etc. 

2 Irradiation—X-ray and/or radium, radon. 

3 Diagnostic procedures—D. and C., biopsy, visualization, insufflation, etc. 

4 Other forms of treatment. 

5 Return case—no additional therapy. 

6 Died in hospital. 

7 Discharged from hospital in unsatisfactory state. 

8 Open. 

9 Transferred to other service—not Obs. or Gyn. 


DIRECTIONS FOR FILLING OUT SUMMARY SHEET (OBSTETRIC PATIENTS) 

The resident is to fill out the top of the blue summary sheet according to the plan out¬ 
lined below. Write only positive facts which apply to each case. 

FINAL DIAGNOSIS 
Specify 

1. No complications 

2. Complications 

Specify main diagnosis 

PREGNANCY 

1. Weeks of gestation 

2. No complications 

3. Complications 

Specify 

LABOR—Onset, course and termination 

1. Duration 

2. No complications 

3. Complications 

Specify 

PTJERPERIUM 

1. Days in the Hospital 

2. No complications 

3. Complications 

Specify 
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ON LAST LINE 

1. Fetal death 

2. Neonatal death 

3. Baby left in Hospital 

4. Baby discharged with mother 

5. No complications 

6. Complications 

Specify 


DIRECTIONS FOR FILLING OUT SUMMARY SHEET (GYNECOLOGIC PATIENTS) 

GYNECOLOGIC CASES SHOULD HAVE THE TOP PART OF THE BLUE 
SUMMARY SHEET FILLED OUT ACCORDING TO THE FOLLOWING PLAN: 

1. Final Diagnosis 

State final and principal diagnosis. 

2. Under Pregnancy, state the 

Pre-operative diagnosis. 

3. Under Labor, state the 

Operative procedures. 

4. Under Operations, state the 

Structures removed, if any. 

5. Remaining lines 

1. Post-operative days in hospital 

2. Post-operative complications, if any 

3. Condition on discharge from hospital. 


OUTLINE FOR GYNOCOLOGIC OPERATIONS 

I Personnel 
II Operation 

III Pre-operative Diagnosis 

IV Diagnosis During Operations 
V Organs Removed (in detail) 

VI Indications for Operation: 

VII Findings under Anesthesia: 

A. Abdominal Palpation 

B. Pelvic Examination 

1. External genitalia 

2. Internal genitalia 
VIII Preparation 

IX Incision 

A. Type 

B. By whom 

C. Difficulties encountered—bleeding, adhesions, etc. 

X Detailed description of gross pathological findings in situ. 

XI Detailed description of operative technique mentioning by whom each step was done, 
type of suture material, type of instruments, etc. 

XII Closure by layers 

A. By whom 

B. Type of suture material 

C. Number and type of non-absorbable sutures used. 

XIII Packs or Drains or Retention Catheter, Radium, etc. 

XIV General Therapy beside^ anesthesia or operation, such as Blood transfusions, intra¬ 
venous solutions, hypodermoclysis, stimulants, etc. By whom and why. 

XV Summary of condition of patient at termination. 

XVI Structures: 

A. Removed prior to this operation. 

B. Removed at this operation. 

C. Genital structures or appendix now remaining after operation. 

XVII Dictator and date. 


OUTLINE FOR HISTORY OF OPERATIVE DELIVERIES 

OPERATION For example: Episiotomy, Manual rotation of the head. Mid forceps. 
Perineorrhaphy. 
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INDICATIONS 

CONDITIONS 


OPERATION 


RESULTS 

DYSTOCIA 

INSTRUCTIONS 

INDICATIONS 

CONDITIONS 

OPERATION 


1. Mother 

2. Baby, e.g., Second stage of two hours. No progress for one hour with 

the occiput posterior. F.H.T. 100, slightly irregular. Meconium in the 
liquor amnii. 

1. Pelvis 

2. B.O.W. (if ruptured, how long) 

3. Cervix 

4. Station 

5. Rotation 

6. F.H.T. 

7. Mother’s condition and pulse 

e.g. Pelvis contracted in anteroposterior diameter. 

Cervix completely dilated. Head below the spines. 

Small fontanelle 110°, Mother’s pulse 116, 

F.H.T. 130 


1. Preparatory 

2. Delivery 

e.g. Episiotomy—Duehrssen’s incisions. Gauze or bag induction. Ver¬ 
sion. Manual rotation of the head. Describe fully the operation of 
delivery. Early expression of the placenta. 

e.g. Episiotomy to the sheath of the levator. Manual rotation of the 
head until the small fontanelle points L30\ Forceps applied to the 
sides of the head, fontanelle points L10'. Small fontanelle rotated to 0' 
with traction. Moderate amount of traction used. 

Repair—of the cervix—2 interrupted cgs., of the vagina—cont. egs., of 
the perineum—3 buried interrupted cgs., 4 figure of eight sws. 

1. Mother 

a. General condition 

b. Condition of the perineum, of the cervix. 

e.g. Cervical tear of 3cm. at 6 o’clock. Extension of the 
episiotomy wound 4cm. in vagina. 

2. Child—general condition. 

e.g. Child moderately asphyxiated. 

1. Primary, secondary, or relatively weak pains. 

2. Disproportion 

3. Faulty attitude 

e.g. Secondary weak pains. Occiput posterior. 

Moderate degree of flat pelvis. 

FOR WRITING CESAREAN SECTION HISTORIES 

1. On the part of the mother. 

2. On the part of the foetus. 

1. Patient in labor? How long? 

2. Pains, how frequent? Strength? 

3. Cervix? B.O.W. intact? Ruptured? Number of hours. 

4. Station. 

5. Condition of mother? 

6. Condition of foetus? F.H.T.? Count—reg. irreg.? 

7. How many vaginals? 

8. Who called in consultation? 

Write in detail. 

1. Incision 

a. Skin 

b. Fascia 

c. Muscle 

d. Peritoneum 

e. Uterus 

2. Location of bladder, high or low? On ant. wall? 

3. Was peritoneum dissected up from uterus? 
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4. How and what portion? 

5. Any adhesions? 

6. Any manipulations of intestines or omentum? 

7. Method of delivery of the child? 

8. Was a suction pump used on foetus or spill? 

9. Location, high or low, method of delivery of placenta. 

10. Amount of hemorrhage from wound? Uterus? 

11. Pituitrin and ergot subcutaneous, how much? Intrauterine? How 

much? 

12. Repair of uterus? 

13. Complications of repair, varicose veins, bladder, extension of incision. 

14. Other operations and indications for each? 

Sterilization 
Porro 
Tumors 
Appendix, etc. 

15. Repair of abdominal wound? Drainage? 

16. Condition of patient at end of operation? 

17. Transfusion, blood, salt solution, tamponade, etc. 

18. Condition of foetus at end of operation? 

19. Tracheal catheter? 

20. Anaesthetic, hind, how patient took? How long? 

21. Catheter removed from bladder, injury to bladder? 
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PART VI 


Applications in Medical Research and in Hospitals 

CHAPTER HI 

A Method of Combining Anesthetic and Surgical 
Records for Statistical Purposes* 

By 

E. A. Rovenstine 

Dept, of Anesthesia, University of Wisconsin Medical School 

STATISTICAL reports relating to anesthesia have been noticeably barren 
k -' of convincing evidence. One of the obvious reasons for this fact is the 
lack of uniformity in defining anesthetic results. For example, one authority 
may admit an anesthetic fatality only when the patient dies on the operating 
table or before regaining consciousness, while on another service every patient 
dying within a given length, of time is credited to anesthesia. The same is 
true of other anesthetic data. 

Need for Uniformity in Collecting, Correlating and Reporting Anesthetic Statistics 

Some anesthetists will attempt to dissociate postoperative complications as 
resulting from illness, operation, or anesthesia, while another group will include 
all complications occurring after anesthesia as related to it. Reports too often 
consider the agent and disregard the technique, the type of operation, the op¬ 
erating surgeon, preoperative physical condition of the patient and so forth. 

Anesthesia records, where they are kept at all, are certainly not uniform 
but differ with almost every institution. The methods of collecting these 
records are quite as variable. Too often the surgical record is kept entirely 
separate from the anesthetic record, and frequently there is no opportunity 
to correlate the two. Postoperative sequelae may not he studied in relation 
to preoperative condition, anesthesia and so forth. Autopsy findings are fre¬ 
quently interpreted with only the clinical history in evidence. Results re¬ 
ported are not rarely difficult to interpret because the data are incompletely 
kept or not uniformly defined. Records of positive information are some¬ 
times presented, while the quite as essential negative information is disregarded. 
A vast amount of useful material has been wasted and many important lessons 
for the surgical team lost because of this faulty system or lack of system. 


* Read during the Twelfth Annual Congress of Anesthetists, the International Anesthesia 
Research Society, in joint meeting with the Associated Anesthetists of the United States and 
Canada, the Eastern Society of Anesthetists, the Mid-Western Association of Anesthetists and the 
Southern Association of Anesthetists, Clinical Congress of Surgeons Week, Congress Hotel, Chicago, 
Ill., October 9-12, 1933. Reprinted here from Anesthesia and Analgesia, May-June, 1934, by special 
permission from the author. 
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At the present time there is little concerted effort to gain uniformity in 
collecting, correlating and reporting anesthetic statistics. One serious difficulty 
in planning and adopting a satisfactory system is lack of a compact record. 
Such a record should contain accurate positive and negative information, not 
only of the anesthetic procedure with such observations as may be related to 
it, but correlate the clinical preoperative findings, the surgical treatment, im¬ 
mediate and remote results. Where comprehensive records are available, the 
task of securing and tabulating material from the voluminous case record or 
even the isolated anesthetic chart has been monotonous, time consuming, and 
difficult to carry out, A method for conveniently recording correlated clinical, 
anesthetic, surgical and postoperative results has been desired. 

Tabulating and Sorting Aids 

A step toward the solution of this difficulty has been made by the use of 
a Hollerith tabulating machine; an apparatus capable of sorting and tabulating 
results from a special card prepared for it. Early in 1928, the Los Angeles 
County General Hospital* incorporated such a system for collecting and tab¬ 
ulating statistics on the various services at that hospital. Since then, other 
large medical centers have adopted the tabulating card in their records and 
statistical departments. Dr. C. H. Peckham has data on more than forty 
thousand obstetrical cases so indexed at Johns Hopkins Hospital.* At the 
Presbyterian Hospital in New York* all records of patients discharged are 
summarized on the tabulating cards. The New York Hospital and Cornell 
Medical Association* have employed it in special studies. At the Mayo Clinic 
its extensive use includes special studies and statistics for all services. From 
there, Tovell and Dunn** reported its adoption for anesthesia study records. 

The tabulating and sorting machines are rented from the International 
Business Machines Corporation, but the cards, after being punched on an in¬ 
expensive punching machine, may be sent out for tabulating and counting. 
The tabulating cards, made up after any desired code, require small storage 
space. This advantage is highly desirable because the space required to store 
complete sets of clinical records over a period of years is almost prohibitive. 

New Anesthetic Study Record, Tabulating Card and Code Charts 

A new anesthetic study record or chart has been adopted at the State of 
Wisconsin General Hospital to facilitate the ready collecting and transcribing 
of data to the tabulating card. The front of this record is shown in Figure 173 
and contains information of the operation and the anesthetic procedures in 
the operating room. The patient’s name, operation proposed, risk, premedica¬ 
tion and so forth, is completed before the anesthetic is administered. The record 
of the anesthetic agent, time, and patient’s condition during operation as shown 
by blood pressure, pulse, respiration, depth of anesthesia, reactions, complica¬ 
tions and so forth, is completed during the course of the operation. The record 

* Personal Communications. 

• * Tovell, Ralph M. and Dunn, Halbert L.: Anesthesia Study Records, Anesth. and Analq. 
11, 37-41, No. 1. Jan.-Feb., 1932. 
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Fib. 173—Operative Record Fig. 174—Complications 







































































































































































































of anesthetic technique, operation, surgeon and so forth, is filled in at the com¬ 
pletion of the anesthesia. The reverse of the chart (Pig. 174) is a resume of the 
findings, clinical and laboratory, preoperatively and postoperatively. There is 
also a final comment by the anesthetist which is completed when the patient is 
discharged from the hospital. Here the summarization of the case may be made 
with the anesthetist’s reaction to success or failure of the agent and technique. If 
death has occurred, a complete autopsy record, when available, is attached to 
the chart. 

The preoperative data, laboratory and clinical, are secured when the patient 
is seen by one of the anesthetic staff the day before operation and it serves as 
a guide in ordering the preoperative medication for that patient, as well as 
in determining upon a plan of anesthetic management in the operating room. 
Such data take into account negative information as well as positive. The post¬ 
operative information is transferred from the bedside notes or secured through 
personal interview by the anesthetist who administered the anesthetic, when 
the patient is visited by him on the first to third postoperative day and upon 
his subsequent visit during the second week after operation. It is completed 
with final comment on the case when the patient’s complete hospital record is 
reviewed before it is finally filed in the permanent hospital record room. With 
this record complete, the tabulating card (Figure 175) is punched. Each posi¬ 
tive or negative question is represented by numerals and exact instructions 
and definitions are followed. A large code chart (Figure 176) has been pre¬ 
pared to facilitate rapid punching and is a key to the instructions. Each 
numeral or pair of numerals on the card corresponds to a datum on the an¬ 
esthesia record and is represented on the code. When some condition occurs that 
is rarely encountered and no provision is made for its inclusion on the punched 
card, it may be written upon the reverse side of the card and a key number 
punched to indicate that fact. 

The system has not been in use for a sufficient time to gather statistics 
from a large series of cases. However, the experience gained by employing 
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Fig. 176 
Code Chart 

it during the last year has demonstrated its usefulness in saving of time and 
labor. 

Formerly if statistical data were to be recorded from a series of eases, or 
during a certain time, it was necessary to review the anesthetic charts of that 
series of for that period. This was labor that could not well he delegated to 
office personnel, but rather required attention of a physician, familiar with 
the procedures involved, to properly interpret the records. Now the machine 
will quickly and accurately sort out the required information and tabulate it. 

Compilation of Data 

The multiplicity of statistical facts available from the completed punch 
card cannot be briefly enumerated. The diagram (Figure 177) lists under 
general terms the data that may be compiled. That which primarily concerns 
the patient is listed at the top, the anesthetist to the left, the surgeon to the 
right and the data for hospital statistics at the bottom. Any and all of these 
facts are readily correlated as shown by the direction of the arrows. 

The tables shown represent actual studies on small numbers of cases and 
are only included to demonstrate some of the many ways in which the system 
may be employed. They are not presumed to have statistical value, repre¬ 
senting as they do a very brief series. Table I uses one thousand consecutive 
operations. The anesthetists are considered. The number of cases done and 
the risks encountered are shown. The time each was successful in entirely 
satisfying the surgeon as well as the times the surgeon was indifferent or not 
satisfied with the anesthesia is listed. Deaths and when they occurred and the 
agents and technique employed are also enumerated. 

In Table II, five hundred successive ether cases are divided in relation to 
the plane of anesthesia. The deepest plane of third-stage to which the patient 
was carried at any time during the anesthesia is the basis. The postoperative 
respiratory complications are enumerated. 

Table III is an incomplete study of cholecystectomies. The per cent of each 
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Table I 


Anesthetist . 

. A 

B 

C 

D 

E 

E 

Total 

Cases . 

. 297 

278 

155 

154 

109 

7 

1000 

Eisk: 

Emergency . 

. . .. 65 

45 

24 

43 

22 

0 

199 

A . 

. 9 

6 

2 

9 

8 

0 

34 

B . 

. 95 

86 

49 

66 

48 

2 

346 

C. 

. 88 

116 

55 

31 

24 

5 

319 

D . 

. 37 

25 

23 

5 

6 

0 

96 

DD . 

. 3 

0 

2 

0 

1 

0 

6 

Surg. Satisf. 

. 285 

251 

140 

144 

107 

7 

935 

Surg. Indiff. 

. 3 

11 

5 

2 

0 

0 

21 

Not Eeeorded . 

. 5 

14 

5 

3 

1 

0 

28 

Surg. Not Satisf. 

. 4 

2 

5 

5 

0 

0 

16 

Deaths: 

1-3 Days . 

. 0 

3 

0 

1 

0 

0 

4 

3-7 Days . 

. 5 

1 

4 

1 

0 

0 

11 

2nd Week . 

. 0 

4 

0 

1 

2 

0 

7 

Later . 

. 0 

0 

0 

1 

7 

0 

8 

Agent: 

Ether. 

. 75 

101 

71 

45 

28 

4 

324 

N 2 0 . 

. 28 

36 

7 

51 

10 

0 

132 

C 2 H 4 . 

. 127 

87 

46 

46 

51 

3 

360 

CHCL 3 . 

. 0 

1 

1 

0 

1 

0 

3 

T. B. E. 

. 5 

41 

17 

3 

4 

0 

70 

Proeain . 

. 57 

12 

3 

8 

19 

0 

99 

Others . 

. 0 

0 

0 

1 

0 

0 

1 

Technique: 

C0 2 ABS. 

. 168 

184 

84 

102 

82 

6 

626 

Open G-0 . 

. 9 

4 

8 

0 

2 

0 

23 

Open Drop . 

. 13 

10 

1 

10 

4 

1 

39 

Endotrach. 

. 31 

18 

37 

2 

10 

0 

98 

Eectal . 

. 5 

12 

3 

3 

4 

0 

27 

Spinal . 

. 28 

20 

6 

8 

6 

0 

68 

Eeg. Block . 

. 28 

21 

11 

0 

1 

0 

61 

Obstet. 

. 15 

8 

5 

28 

0 

0 

56 

Others . 

. 0 

1 

0 

1 

0 

0 

2 


Table II 

Ether Anesthesia —500 Cases 

Plane Postoperative Respiratory Complications 


of 3rd 
Stage 

Cases 

None 

Bronch. 

Pharying. 

Cough 

Hic- 

Cough 

Pneumonia 

Bronch.-Lobar 

Collapse 

Part. 

1 

57 

54 

0 

1 

0 

1 

1 

0 

0 

2 

256 

234 

1 

5 

10 

3 

0 

1 

0 

3 

166 

138 

0 

5 

19 

5 

3 

0 

3 

4 

24 

18 

0 

0 

6 

0 

1 

0 

0 

Totals 

500 

444 

1 

11 

35 

9 

5 

1 

3 


sex is shown. A few of the preoperative, operative and postoperative com¬ 
plications are included. A partial list of treatment received after operation 
is noted. 

Table IV compares the thyroidectomy cases of two surgeons, as to risk, with 
some of the postoperative complications and deaths. 

The speed with which statistics may he compiled with the completed punched 
card record surpasses that of any record system in our experience. The in¬ 
formation contained in the four tables shown was easily secured in less than 
an hour at the sorting machine. Studies at one’s disposal as suggested in the 
diagram (Figure 177) may he made at any time with comparable celerity. 
Preparing the finished record demands more time than it was previously our 
practice to employ in completing such files. However the adoption of the 
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Table III Table IV 

Cholecystectomies Thyroidectomies — Gas-Oxygen 


Anesthesia 


Sex: 


Surgeon 

A 

B 

Total 

Male . 

21.0% 

Cases. 

29 

39 

68 

Female . 

Preop. Complications, Respiratory: 

79.0 

Risk: 

B . 

3 

8 

11 

Passive Tuberculosis. 

2.5 

C . 

24 

28 

52 

Cough . 

2.5 

D . 

2 

3 

5 

Pharyngitis . 

Bronch. Asthma. 

40.0 

1.2 

P. O. Complications: 

None . 

14 

9 

23 

Emphysema. 

5.0 

Pharyngitis . 

5 

7 

12 

Oral Sepsis. 

30.0 


3 

6 

9 

Miscellaneous: 


Resp. Obstruct. 

0 

1 

1 

Drug Addict. 

1.2 


3 

4 

7 

Secondary Anemia. 

2.5 


1 

1 

2 

Malignancy . 

2.7 

Thyroid Crisis . 

0 

1 

1 

Fever . 

5.0 

Cystitis . 

1 

0 

1 

Leueocytosis . 

8.7 

Slight Retent. 

2 

1 

3 

Operative Complications: 


Distent. Mod. 

1 

3 

4 

Nausea. 

2.7 

Headache Mod. 

2 

2 

4 

Nausea & Emesis. 

1.2 

Headache Severe. 

0 

1 

1 

Sever U 2 Want . 

1.2 

Irrational . 

0 

1 

1 

Postop. Complications, Circulatory: 


Excitement. 

0 

1 

1 

Severe Drop. B. P. 

Shock . 

15.0 

2.5 

Nausea & Emesis: 
Nausea Only . 

1 

1 

2 

Hemorrhage . 

Postop. Treatment: 

1.2 

Nausea & Emesis Op. 
Day . 

5 

17 

22 

Transfusions . 

2.5 

1-3 Days Mild . 

1 

8 

9 

Oxygen Therapy . 

2.7 

1-3 Days Severe. 

1 

0 

1 

I. V. Fluids. 

70.0 

After 3rd Day. 

0 

1 

1 

Subcut. Fluids . 

90.0 

Deaths . 

0 

1 

1 


anesthetic chart with complete preoperative and postoperative information 
has been found to facilitate collecting this desirable information and has been 
of inestimable value in conducting the anesthesia, specifying the preanesthetic 
medication and making postoperative suggestions. With this record complete 
some three to five minutes is necessary to prepare the punched card. This labor 
is best done by members of the anesthetic staff who may properly interpret the 
charts and who are entirely familiar with the entire system. After a short 
experience it was found inadvisable to delegate this work to others. It is ad¬ 
vantageous to prepare the punched card relatively soon (two or three weeks) 
after administering the anesthetic. Later information that should be included 
may be added since it is our practice to write upon the card the case number. 
This facilitates referring to the patient’s complete record if desired, as well 
as adding additional data. 

Summary 

A system for collecting comprehensive data for surgical and anesthetic pro¬ 
cedures is offered. The use of tabulating cards and a sorting machine makes 
such data immediately available for statistical purposes with a minimum of 
labor. 

Information from voluminous case records may be condensed on cards and 
stored in a small space. 

Securing and recording the entire preoperative condition of patients has 
proven of definite value to the anesthetist. 
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PEEOP. DIAG. 
PEEOP. COMPL’S. 
PEEOP. LAB. FIND. 
PEEOP. T.P.E. & B.P. 


AGENTS 
OPE. COMPL. 

UNTOW. EEAOT. 

PEEY. ANES. EESULTS 
PEEMED. & EESULTS 
SUCCESS OP ANES. 
TECHNIQUE 



ANESTHETIST SUEGEON 


BISK 
TIME OP OPE. 
POSTOP. COMPL. 
COND. DUPING OPE. 
POSTOP. TEEAT. 
POSTOP. MED, 
OPEEATION 



DATE 
DEATHS 
SEX — AGE 
CAUSE OP DEATH 

Pia. 177 

Study diagram 


The task of accurately preparing the complete records has been found best 
done by members of the anesthetic staff. 

A method is presented to secure information easily for individual surgeon 
and anesthetist; correlating anesthetic agents and techniques with operative pro¬ 
cedures, postoperative complications and postmortem findings; preoperative 
condition of the patient with postoperative sequela; preliminary medication and 
results. Statistics on operations, risks, anesthetic methods, age, sex, dates, post¬ 
operative treatment, deaths, time and cause of death are also available. 
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PART VI 


Applications in Medical Research and in Hospitals 

CHAPTER IV 

Studies in the Field of Public Health 

By 

Carl Rupp Doering 

Assistant Professor of Vital Statistics, Harvard School of Public Health 

V\7" E are glad to have our students, particularly those who expect to pursue 
’ ’ research or administrative activities involving statistical technique, be¬ 
come acquainted with the system of mechanical tabulation. If their work 
requires the preparation of reports of vital statistics on any large scale they 
will find the use of the tabulating card advantageous. In some kinds of research 
work they will likewise find it helpful. 

Most studies in the field of public health are not made on the published 
reports of vital statistics and statistics of disease but are based upon records 
that are collected by various public health organizations such as child health 
clinics, maternity clinics, cancer clinics, and the like. There are also studies 
planned and made on data collected by house to house surveys. 

In medical studies there are often so many factors involved that only from 
a large number of cases can conclusions be drawn with any assurance that the 
indicated relations have any reality. The material for these studies is usually 
obtained from hospital records. By far the most satisfactory way to handle 
the data is by means of punched cards. The items that are thought to have 
a possible bearing on the problem are listed, and a form drawn up in accord¬ 
ance with which information about each case is punched on a separate card. 
It is then an easy matter to sort the cards and read from the machine the 
number of cases of each sex, age or diagnosis, or to find the numbers accord¬ 
ing to some double classification such as age and diagnosis, or treatment and 
result. To make such tabulations by hand is very tedious and it is almost 
impossible to make them correctly. The sorting machine does the work quickly 
and accurately. 

Example I, Chronic Disease Survey 

The outstanding public health problem of the present day is the control 
of chronic diseases of the middle-aged. 

Two generations ago the average age at time of death of all individuals in 
Massachusetts was about thirty-one years. Today it is around fifty-one,—a gain 
of some twenty years. In the same period the average age at time of death 
of individuals over fifty has decreased a fraction of a year. The increase for 
total ages has been accomplished largely through public health measures. 
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More adequate sanitation of the environment with improved water and sewerage 
systems, advances in bacteriology and the attack on communicable diseases, com¬ 
bined with a concerted attempt to make personal hygiene real rather than 
theoretical, have all had a part in this reduction. Tuberculosis, typhoid fever, 
and diphtheria, as well as other diseases have been decreasing. The infant 
and maternal welfare work has saved the lives of many children, and, as a 
result, the average age of the population has increased; but for those individuals 
over fifty, no such rosy picture is seen. Here the age specific death rates have 
been mounting, and the expectation of life has decreased. 

For several years the Massachusetts Department of Public Health has taken 
cognizance of this situation, and in 1929 began a systematic study of the prob¬ 
lem. This included a review of the death records; questionnaires to hospitals, 
doctors and nursing homes; data collected from the Massachusetts State-aided 
cancer clinics; and a house-to-house survey of some 75,000 people. 

This material has been analyzed in a book “Cancer and Other Chronic 
Diseases in Massachusetts” by Bigelow and Lombard and published by Hough¬ 
ton Mifflin Company. This book contains 135 tables. While a few tables were 
prepared by a laborious hand-sort, most of them were compiled by means of 
the mechanical sorter. The codes used in collecting the data on cancer and 
chronic diseases are practically similar to those shown on the accompanying 
forms. 

In making the various tabulations, it was necessary to run the cards through 
the machines many times. One table alone required eleven sub-sorts. As 
many tables were constructed which were not eventually printed, a conservative 
estimate indicates that the average card was run through the machine some 
five hundred times. 

The material was collected by individuals going to the various houses. In 
most cases the underlining method was used on the code, and in a few, such 
as present weight, the figure was written down and later transferred to the 
code after the necessary computations had been made. 

The first essential of any statistical 1 study is accurate data, in order to 
insure uniform interpretation of the questions asked. A special course of 
training was given to a selected group of surveyors. Each day the records 
collected on the previous day were discussed at group conferences, thus avoid¬ 
ing the possible misinterpretation by any individual surveyor for more than 
a few records. 

The punched cards used were the plain white cards. The data were punched 
and then checked for errors in punching. If a person had more than one 
disease, cards were punched for each disease. After the data were assembled 
they were analyzed and many phases of their statistical soundness reviewed. 


Example 2, Appendicitis 

A study of appendicitis recently made by Dr. Irving J. Walker* is an 
excellent illustration of the use of punched cards to facilitate medical re- 

♦ Walker, Irving .T., M.D., A Comparative Mortality Study of Acute Appendicitis. New England 
Medical Journal, Vol. 208, No. 3, Jan. 19, 1933, 
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search. The rising mortality rate from appendicitis raised the question whether 
there is an increase in the incidence of the disease in the population, or an 
increase in the operative mortalities. The former cannot be answered con¬ 
clusively from hospital records, but the latter can, and is the question Dr. 
Walker undertook to settle. He compared the experience of the Boston City 
Hospital during two periods of four years each, 1907-1910, and 1927-1930. 
The code he used is reproduced here (Fig. 178). A simple two-way table 
(Table I.) of condition at discharge (col. 20 of code sheet) against year of 
admission (col. 1) shows that operative mortality has decreased. Table II brings 
in a third factor (col. 12) and shows that in each type of appendicitis opera¬ 
tive mortality was lower in 1927-1930 than in 1907-1910. 


TABLE I 

Mortality op Appendicitis by Years 



Total 

Recovered 

Died 

Mortality 

1907 . 

. 157 

132 

25 

15.9% 

1908 . 

. 192 

162 

30 

15.6% 

1909 . 

. 180 

159 

21 

11.6% 

1910 . 

. 230 

206 

24 

10.4% 

1907-1910 . 

. 759 

659 

100 

13.1% 

1927 . 

. 526 

491 

35 

6.6% 

1928 . 

. 493 

460 

33 

6.6% 

1929 . 

. 492 

466 

26 

5.2% 

1930 . 

. 595 

566 

29 

4.8% 

1927-1930 . 

. 2106 

1983 

123 

5.8% 

Both Groups — 

)7-1910 and 1927-1930. 

. 2865 

2642 

223 

7.7% 


TABLE II 

Mortality According to Type op Appendicitis 


Type of Appendicitis 

Acute unruptured. 

Acute unruptured with fluid 

(not peritonitis) . 

Appendix abscess . 

Acute with spreading peritonitis 
Acute with general peritonitis. . 


! - 

-1907-1 

910-, 

Total 

Died 

Mortality 

264 

7 

2.6% 

41 

5 

12.2% 

289 

37 

12.8% 

124 

27 

21.8% 

41 

24 

58.5% 


, —-- 

-1927-1 

930-. 

Total 

Died 

Mortality 

1174 

18 

1.5% 

265 

4 

1.5% 

328 

32 

9.7% 

204 

24 

11.8% 

135 

45 

33.3% 


Example 3, Eye-Diabetes 

Dr. William P. Beetham and Dr. J. H. Waite recently made an extensive 
study of about 4,000 cases of diabetes from the records of Dr. Joslyn’s Diabetes 
Clinic with respect to factors of diabetes and other factors of ocular pathology. 
They selected a random control group—non-diabetics—from the cases of the 
Massachusetts General Hospital who had eye examinations similar to the dia¬ 
betics. The purpose of the study was to investigate the eye changes that are 
peculiar to diabetes. The code used (Fig. 179) was intricate but suitable 
for their purposes and well adapted for use with punched cards. The results 
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EYE —DIABETES CODE 


(9) 10 to 15 yr. 


(10) o 


r 15 yr. 


MONTH EXAM. (1) (2) (3) (4) (5) (8) (7) (8) (•) O®) 0*> 

A. YR. EXAM. (11) 1929 (12) 1930 (1) 1931 (2) 1932 (3) 1933. 

E. DUR. (4) lees than 1 yr. <*) 1 to 1.9 yr. (6) 2 to 2.9 yr. (7) 3 to 4.9 yr. (*) 5 to 9.9 

B. AGE (10) under 10 yr. (1) 10 to 19 yr. (2) 20 to 29 yr. (3) 30 to 89 yr. (4) 40 to 49 yr. (5) 50 to 59 yr. (8) 60 to 69 yr. (7) 70 to 80 yr. (8) over 80 yr. 
COMPLICATIONS (1) Coma this adm. (2) Coma at prev. adra. (3) More than 2 comas (*) Tbe—old or healed (10) Tbc suspie (11) Tbc active. 

(4) Gangrene (5) Neuritis—Tox. (8) Neuritis—Deg. (7) Neuritis—Cir. (8) Neuritis—Hygl. 

A. (1) Syph. pres. (2) Syph. abs. (3) Ang- Cor. (4) Calc aorta pres. (5) Calc legs pres. (8) Calc legs abs. 

B. B. M. (7) under —10 (8) —10 to 0 (9) 0 to + 10 (10) over +10. 

A. HEART (l)P.N. (2) X. N. (3) P. L. («) X. L. (S) P. N.-X. L. (6) P. L.-X. N. 

B. RADIAL VESSELS CLIN. (7) #0 (8) #1 (9) #2 (10) #3 (11) #4 (12) unrec. 

A. B.P.—SYST. (exam, day) (1) less than 120 (2) 120-139 (3) 140-149 (4) 160-159 (5) 160- 169 (6) 170- 189 (7) 190-210 (8) over 210. 

B. B. P.—SYST. (max.) (9) under 140 (10) 140- 169 (11) 160- 180 (12) over 180. 

A. B. P.—DIAST. (exam, day) (1) less than 60 (2) 60-79 (3) 80-89 (4) 90-99 (8) 100- 109 (6) 110- 130 (7) over 130. 

B. B.P.—DIAST. (max.) (8) under 80 (9) 80-89 (10) 90-99 (11) 100- 110 (12) over 110. 

A. BLOOD SUGAR (max. fast) (1) below 140 (2) 140- 169 (3) 170- 199 (4) 200-249 (8) 250-299 (6) 300-400 (7) over 400. 

B. BLOOD SUGAR (min.) (8) below 50 (9) 60-59 (10) 60-69 (11) 70-79. 

A. BLOOD SUGAR (max. non-fast.) (1) below 170 (2) 170- 199 (3) 200- 249 (4) 350- 299 (5) 300-400 (6) above 400. 

B. N. P. N. (7) below 36 (8) 35-39 (9) 40-44 (10) 45-50 (11) above 50. 

A. PHOS. (1) below 2.6 (2) 2.6-2.9 (3) 3.0-3.4 (4) 3.6 - 3.9 (5) 4.0-4.4 (5) 4.5 - 5.0 (7) above 5.0. 

B. CA. (8) below 9.0 (9) 9.0-9.9 (10) 10-10.9 (11) 11-12 (12) above 12. 

A. CHOL. (within 3 mos. of exam day) (1) below 100 (2) 100- 199 (3) 200-229 (4) 330 - 259 (5) 2C0 - 299 (8) 300 - 349 (7) 360 - 400 (8) above 400. 

B. (9) Choi, above 230 prior to exam. (10) ChoL above 300 prior to exam. (11) Choi, above 230 since exam. (12) Choi, above 300 since exam. 

A. (1) Patients with more than 1 determin. (3 mos. apart) (2) ChoL increasing but still below 230 on exam, day (3) Choi, increasing and over 230 on exam, day 

(4) Choi, decreasing but still above 230 on exam, day (5) Choi, decreasing and under 230 o 

B. PHTH. (7) 20% or less (8) 20-40% (9) over 407® (10) less than 16% in 15’ 

A. ALB. (1) abs. or S. P. T. (2) V. S. T. (3) S. T-, T„ or L. T. 

B. SUGAR ADM. (4) 0.3% or less (5) 0.3% - 0.97® (6) 17® - 2.9% (7) 37. - 57® 

C. SUGAR DISCH. (9) 0.37® or less (10) 0.37® to 17. (11) over 1%. 

INSULIN A. AMT. (1) none (2) 1 -14 (3) 16-29 (4) 30-60 (5) over 50. C. REACTIONS (12) pres. 

B. DUR. (6) adm. or less than 1 mo. (7) 1 - 11 mos. (8) 1 - 2.9 yrs. 


m. day. 
(11) 15% orn 


(8) over 57o 


(9) 3 • 4.9 yrs. 


(10) 5 -10 yrs. (11) o 


r 10 yrs. 


RIGHT EYE. REF. CHGS. (1) H. A. (2) M. A. (3) Mix. (4) Emm. (5) unrec. (6) Trans. EYELIDS (7) Xanth. (8) Ptosis (9) Bleph (10) Hord. (11) Conj. 
VISUAL ACUITY (1) unrec. (2) 6/5 or better (3)6/6 (4) 6/7 or 6/10 (5)6/12 (8) 6/15 or 6/20 (7) 6/30 or 6/60 (8) less than 6/60. 
PUPIL and IRIS (1) Irreg. (2) A. R. (3) No response (4) Slug. (8) PPM (6) Dcpig. (7) Colob. (8) Active Iritis (9) Quiet Iritis (10) Shallow charab. 
CORNEA (1) Imb. (2) Stahli (3) Arcus (4) Opac. (5) Vessels (6) Deposits (7) Amorph. (8) Beaten-silver (9) Pig. (10) Wrinkle*—few (11) Wrinkles—many. 
LENS—ANT. CORT. (1) Choi. (2) Dots (3) Floe. (4) Lam. (5) Wdgs. A (or) Spokes (6) Fis. (7) Vac. (8) Eq. 

ANT. CAP. (10) Dea. (11) Pig. i. (12) Pig. c. 

LENS—SENILE NUC. (1) Lin. Rid. (2) Dots (3) Prot. (4) SI. ScL (5) Mod. Scl. 

EMBRY NUC. (6) Clus. (7) Dust. 

LENS—POST. CORT. (1) Choi. (2) Dots (3) Wdgs. A (or) Spokes (4) Urn. (5) Fis. (6) Vac. 

MISC. (7) Aphak. (8) Coron. (9) Memb. (11) Compile. 

VITREOUS (1) Aster, byal. (2) Opac. - fine (3) Opac. - coarse - few (4) Opac - coarse - many 
FUNDUS—OPTIC DISC (1) Atrop. (2) Opaq. N. F. (3) Glauc. (4) Edema (8) Conus. 

(8) Degen. and pigment. (9) Choi, cryst. in fundus 


(8) Ret. Prolif. («) Blood. 
(6) Fundus not visible 

(10) Retinal folds (11) Detached retina (12) Cap. bed. 


(7) Drusens fn fundus 


25. FUNDUS VESSELS. A. ART. (0) #0 (1) #1 (2) #2 (3) #3 (4) #4. *. VEINS (5) #0 (8) #1 (7) #2 (8) #3 (») #4. 

28. FUNDUS. A. HEM. (1) Deep-+ (2) Deep -++ (3) Deep - -H-+ (4) Super. - + (5) Super. - ++and+++ (6) .Pre-rat 

B. EXUD. (7) Diab. + (8) Diab. ++ (9) Diab. +++ (10) Renal + (11) Renal ++ and +++. 

27. FIELDS (1) Periph. field not taken (2) Blind spot not token (3) Horn, hemianop. (4) Concern contract (8) Sect or other periph. defect. 

(8) Central scot demonstrated (7) Central scot probably pres, but not demonstrated (8) Para-central scot and ring scot 

(9) Horn, hemianop. scot (10) Color blind (II) Toxic ambly. (12) Blind spots larger than 18* 16. 

28. TENSION (1) not token (2) under 13. (3) 13 - 14 (4)16-18 (8)17-13 (6) 19 - 22 (7) 23 - 26 (8) 26 -30 (9) 31 - 40 (10) over 40 (11) diag. of glaucoma. 

29. LEFT EYE. REF. CHGS. (1) H. A. <*>• M. A. (3) Mix. (4) Emm. (5) unrec. (8) Trans. EYELIDS (7) Xanth. (8) Ptosis (9) Bleph (10) Hord. (II) Conj. 

30. VISUAL ACUITY (1) unrec. (2) 6/6 or better (3) 6/6 (4) 6/7 or 6/10 (S) 6/12 (6) 6/16 or 6/20 (7) 6/30 or 6/60 (8) less than 6/00. 

31. PUPIL and IRIS (1) Irreg. (2) A. R. (3) No response (4) Slug. (8) PPM (6) Depig. (7) Colob. (8) Active Iritis (9) Quiet Iritis (10) Shallow chamb. 

32. CORNEA (1) Imb. (2) Stahli. (3) Arcus (4) Opac. (5) Vessels (6) Deposits (7) Amorph. (8) Beaten-silver (9) Pig. (10) Wrinkles—few (11) Wrinkles—many. 

33. LENS—ANT. CORT. (1) ChoL (2) Dots (3) Floe. (4) Lam. (8) Wdgs. A (or) Spokes (8) Fis. <7) Vac. (8) Eq. 

ANT. CAP. (10) Des. (11) Pig. i. (12) Pig. e. 

34. LENS—SENILE NUC. (1) Lin. Rid. (2) Dots (3) Prot (4) SL ScL (8) Mod. ScL 
EMBRY. NUC. (8) Clus. (7) Dust. 

35. LENS—POST. CORT. (1) ChoL (2) Dots (3) Wdgs. A (Or) Spokes (4) Urn. (5) Fis. («) Vae. 

MISC. (7) Aphak. (8) Coron: (9) Memb. (11) Compile. 

36. .VITREOUS (1) Aster, hyal. (2) Opsc. - fine (3) Opac. - coarse • few (4) Opac - coarse - many (8) Ret Prolif. (6) Blood. 

37. FUNDUS—OPTIC DISC (1) Atrop. (2) Opaq. N. F. (3) Glaue. (4) Edema (8) Conus. (6) Fundus not visible 

(8) Degen. and pigment (9) ChoL cryst in fundus (10) Retinal folds (11) Detached retina (12) Cap. bed. 

38. FUNDUS VESSELS. A. ART (0) #0 (1) #1 (2) #2 (3) #3 (4) #4. B. VEINS (5) #0 (8) #1 (7) #2 

39. FUNDUS. A. HEM. (1) Deep-+ (2) Deep-++ (3) Deep-+++ (4) Super.-+ (5) Super.- ++ and +++ («) Pre-ret 

B. EXUD. (7) Diab. +• (8) Diab. ++ (9) Diab. +++ (10) Benal + (II) Renal ++ and +++. 

40. FIELDS (1) Periph. field not taken (2) Blind spot not token (3) Horn, hemianop. (4) Conceit. contract. (5) Sect or other periph. defect. 

(8) Central scot, demonstrated (7) Central scot probably pres, but not demonstrated (8) Para-central scot and ring scot 

(9) Horn, hemianop. scot. (10) Color blind (II) Toxic ambly. (12) Blind spots larger than 13x16. 

41. TENSION (1) not taken (2) under 13 (3) 13-14 (4) 15-16 (5) 17-18 (8) 19 - 22 (7) 23 - 26 (8) 26 - 30 (9) 31 - 40 (10) over 40 (It) diag. of glaucoma. 


(7) Drusens in fundus 
(8) #3 (9) #4. 


42. MUSCLES. TROP. (1) Paraly. strab. (2) Comlt strab. 

DUCT. (5) Duct not recor. (6) Over 7 deg. I 

43. (1) Dead (2) Alive (3) Unknown (4) Autopsy 

44. 45. DIAGNOSIS CODE 

Care, or sare. (any location) (00) 

Blood die. (01) Anemia - see. 

(02) Anemia - prim. 

(03) Polycyth. 

(04) Leuk, 

(05) other blood dis. 

Liver and G. B. dis. (31) Jaundice 

(32) G. B. disease 

(33) Cirrhosis 

(34) other liver dia. 

C. N. S. dis. (81) Paychoneurosis 

(62) Brain tumor 

(63) Hemorrhage 

(64) other C. N. S. dis. 


PHOR. (3) Vert not recor. (4) Vert of over 1 deg. 
ase in (7) 2:1 ratio or better. ACCOM. (8) Not recor. (9) Possibly paresis of. NYSTAG. (10) Pres. 
(5) Died 1929 (8) 1930 (7) 1981 (8) 1932 (9) 1933. 


Resplr. dia. (11) Lung abscess 

(12) Asthma 

(13) Bronchitis 

(14) Pneumonia 

(15) other reap. dis. 


G astro-in test dis. (21) 
( 22 ) 

(23) 

(24) 


Cardio-vmsc. dis. (41) Art-ScL Heart dis. 

(42) Hyper. Heart dia. 

(43) Rheum. Heart dia. 

(44) Generalized A. T. S. 
(48) Aortitis 

(46) other Card.-vase. dia. 
Endocrine dis. (71).Thyroid 

(72) Parathyroid 

(73) Pituitary 

(74) Gonads 

(78) other endo. dis. 


L fSl) 
(82) 

(53) 

(54) 

- (81) 
(82) 
(831 
(84) 


Gastric nicer (or duod) 

Colitis 

Constipation 

other G. L dia. 

Chronic nephritis 
Aento nephritis 
Cystitis or Pyelitis 
other kid. dia. 

Arthritia 
Obesity 
Diabetes 
Vitom. defic. 


Fig 179 

Eye-Diabetes Code 
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of their numerous tabulations have not as yet been published, but they have 
been kind enough to accede to the request for a representative table for this 
chapter. 


TABLE III 

Retinal Hemorrhages (Deep Type) 



f - 

-Diabetics— 

-\ 

f - 

-Non-Diabetics— 

- N 


Fundi 

Deep 

Per 

Fundi 

Deep 

Per 

Age Group 

Visible 

Hemor. 

Cent 

Visible 

Semor. 

Cent 

1-10 . 

. 130 

0 

— 




10-19. 

. 464 

4 

0.8 




20-29 . 

. 274 

10 

3.6 

20 

0 

— 

30-39 . 

. 315 

17 

5.4 

129 

6 

4.6 

40-49 . 

. 512 

75 

14.6 

305 

8 

2.6 

50-59 . 

. 1001 

282 

28.1 

229 

14 

6.1 

60-69 . 

. 957 

270 

28.2 

164 

6 

3.6 

70 and up. 

. 240 

72 

30.0 

54 

0 

— 

Total. 

. 3893 

730 

18.7 

901 

34 

3.8 

Fundi not visible. 

. 108 



13 



Eyes examined. 

. 4001 



914 




Example 4, Acute Empyema 

Another important study in which punched cards were almost indispensable 
is that of Dr. Edwin A. Locke* on Acute Empyema. The cases were taken 
from the records of the Boston City Hospital. The aim of the study is clearly 
set forth in the following quotation from Dr. Locke’s paper: 

“Our interest in this study has been primarily to determine any relation 
which may exist between the type of organism and the nature and course of the 
disease. Does the biological classification of pneumococci, for example, give us 
any indications by which we may predict the probable outcome of the pleural 
infection more accurately? In other words, does an accurate knowledge of the 
bacteriology of a given case afford any practical clinical assistance in treat¬ 
ing the patient? We believe we can present evidence which justifies an af¬ 
firmative answer. It seems possible to a considerable degree to correlate 
certain features of the clinical picture, the course of the disease and the re¬ 
sponse to treatment with the type of organism causing the pleural infection. 

“In the following table 478 cases are grouped according to the primary 
disease and the organism present in the chest fluid. The fatality rate with re¬ 
spect to the type of organism found in the pleural fluid varies greatly and 
probably significantly. Type I has a much lower rate than any of the other 
groups, namely, 11 per cent for 202 cases. 

“Sixty-two of the 478 cases in our series were not treated surgically and 
a close analysis of this group yields some interesting results. When separated 
according to the organism found in the chest exudate the various groups pres¬ 
ent a surprisingly uniform and very high death rate. 

‘ ‘ The results of surgical drainage in the remaining 416 cases as given in 
Table Y are extremely interesting and obviously furnish a much more exact 
idea of the prognosis in empyema with surgical drainage than do the figures 


» Locke, Edwin A., M.D., Acute Empyema, New England Medical Journal, Vol. 203, No. 9, 
Aug. 28, 1930. 
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TABLE IV 

Empyema Incidence and Case Fatality 


Lobar Post Broncho■ Fatal- 


Organism 

Pneumonia 

Pneumonia 

pneumonia 

Unknown 

Totals 

ity 


No. 

No. 

No. 

No. 

No. 

No. 

No. No. 

No. 

No. 

Per 


Cases 

Died 

Cases 

Died Cases 

Died Cases Died 

Cases 

Died 

Cent 

Pneumococci.Type I 

126 

12 

66 

6 

8 

4 

2 1 

202 

23 

11 

“ “ II 

18 

6 

5 

1 

2 

2 

0 0 

25 

9 

36 

“ ‘<111 

8 

4 

3 

0 

2 

1 

0 0 

13 

5 

38 

“ “IV 

23 

6 

10 

3 

3 

2 

1 0 

37 

11 

30 

“ Not typed 

7 

2 

0 

0 

0 

0 

1 0 

8 

2 

25 

Total Pneumococci 

182 

30 

84 

10 

15 

9 

4 1 

285 

50 

18 

Hem. Strep. 

25 

8 

43 

7 

20 

15 

0 0 

88 

30 

34 

Non-Hem. Strep.. . 

4 

0 

12 

1 

2 

0 

1 0 

19 

1 

5 

Staphy. 

11 

3 

10 

1 

4 

2 

0 0 

25 

6 

24 

Undetermined .... 

23 

9 

33 

11 

5 

4 

0 0 

61 

24 

39 

Totals. 

245 

50 

182 

30 

46 

30 

5 1 

478 

111 

23.2 


of the death rate shown in Table IV. One is immediately struck with the 
much lower death rate as well as the greater uniformity in this rate among 
the various types of infection.” 


TABLE V 

Death Bate With and Without Permanent Drainage 



/'—Cases ’ 

Without Op< 

nation—* 

f - 

Operated Cases - 

-^ 


No. 

No. 

Per 

No. 

No. 

Per 

Organism 

Cases 

Died 

Cent 

Cases 

Died 

Cent 

Pneumococci, Type I. 

10 

4 

40 

192 

19 

10 

“ “ II. 

6 

5 

83 

19 

4 

21 

“ “ III. 

3 

3 

100 

10 

2 

20 

“ “ rv. 

6 

4 

67 

31 

7 

23 

“ Undetermined. 

1 

1 

100 

7 

1 

14 

Totals. 

26 

17 

65 

259 

33 

13 

Hem. Strep. 

12 

12 

100 

76 

18 

24 

Non-Hem. Strep. 

2 

1 

50 

17 

0 

0 

Staphy. Aur. 

2 

2 

100 

23 

3 

13 

Undetermined . 

20 

12 

60 

41 

12 

29 

Totals. 

62 

44 

73 

416 

66 

16 


Hospital Records in General 

One drawback in the study of hospital records is that they are becoming 
more detailed and consequently more bulky. If a clinician wishes to abstract 
certain information about a series of cases he must read through a mass of 
material in order to find it. Later on some other clinician interested in the 
same disease will wade through the same material to gather other data. This 
is very wasteful of the time of the hospital staff. If a large number of factors 
for each disease could be taken from the records and put upon punched cards, 
then many studies not otherwise possible would be made. There is enough 
reliable material in a case record of a well-administered hospital to warrant 
the extra initial expenditure of time. In fact several hospitals in the country 
are beginning to make their records available for careful study. There have 
been, however, but few attempts to keep records in such shape that studies can 
be made continuously from them as records increase in number. One such at- 
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tempt has been made by Dr. Jacob Lerman, Director of the Thyroid Clinic 
and of the Metabolism Laboratory at the Massachusetts General Hospital, who 
is somewhat of a pioneer in clinical statistics. For five or six years he has 
kept his records on punched cards, transferring to them new records as they 
came along, and has built up an original research library (punched cards) of 
thyroid conditions which so far as we know cannot be duplicated anywhere. 
This procedure would be practical wherever records tend to become bulky 
—as in psychiatric ease histories, social welfare case records, criminological 
case histories, etc., provided the material is of such a nature that it can be 
studied profitably. A recent publication of some 1100 pages, size 8 x 10 y 2 
describes five case histories of criminals; they may be of some value to creators 
of mystery stories or even of great help to the artists of Hollywood but hardly 
worthy of analytical treatment. 
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PART VII 


Applications in Legal Research 

CHAPTEE I 

Judicial Statistics in General 

By 

Charles U. Samenow 

Attorney-at-Law, formerly Instructor at the Yale School of Law 

C ONSTANTLY increasing congestion in the courts with its attendant prob¬ 
lems has focused attention upon the need of quantitative measures of court 
activity. Although judicial statistics have been collected regularly in some 
places, intermittently in others, for more than fifty years, not until the last 
decade have exhaustive statistical observations of courts and court processes 
and extensive dissections of court cases been made.* In 1927 and 1928 Dean 
Charles E. Clark, then professor at the Yale School of Law, conducted a series 
of studies of judicial statistics in various Connecticut and Massachusetts courts.** 
In 1929 a grant from one of the foundations permitted the extension of these 
studies to include more courts and longer periods of time. Civil statistics 
were considered first. The Connecticut study was geared to pick up data 
which had not previously been sought in any large survey of this sort. Prac¬ 
tically an uncharted field of statistics was being explored. The charts and data 
sheets previously used were not capable of handling the wealth of material 
sought for two reasons; first, the cases were too numerous to be tabulated 
manually; second, the content of the final tabulations was unknown since the 
investigators could not predict what the cases would show. A flexible statistical 
system was a necessity, a system which would allow the worker to pick up all 
information which seemed of any importance, record this information easily 
and tabulate it with a minimum of manual work. Such a system was found 
in the Hollerith machines. 

Data sheets were printed containing all relevant information on the cases 
studied, which might be picked up by the field worker who, after identifying 
the case on the sheet, had only to check a code number opposite the proper 

* Examples of judicial statistics officially collected for a long period of time appear In the 
Annual Reports of the Attorney General of the United States and in the Annual Reports of the 
Secretary of State of Ohio. 

Examples of special studies in judicial statistics are: Sutherland. Federal Police Courts (1926) 
11 Mass. Law Quarterly No. 5, Page 43; Illinois Crime Survey (1929); Missouri Crime Survey 
(1926) ; Cleveland Crime Survey (1922). 

** Reports on the results of these studies may be found In: Clark, Fact Research in Law 
Administration (1928) 2 Conn. Bar Journal 211, 1 Miss. Law Journal 324; Clark, Should Plead¬ 
ings Be Filed Promptly? (1929) 3 Conn. Bar Journal 69; Clark and O’Connell, The Hartford 
Small Claims Court (1929) 3 Conn. Bar Journal 123 ; Clark, Some of the Facts of Law Admin¬ 
istration in Connecticut (1929) 3 Conn. Bar Journal 161. 
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Fig. 180 


Fig. 181 


item. The sheet used in the study of civil cases in the Connecticut Superior 
Courts is shown above.* (Figs. 180 and 181.) Once these sheets were checked, 
the process was purely mechanical and gratifyingly accurate. A wealth of com¬ 
binations was available in the tabulation of the data on the sheets. Some of 
the material turned out to have little intrinsic value; other material, the value 
of which appeared doubtful at the outset, showed up very profitably.** The 
versatility of the statistical system permitted of all sorts of statistical experi¬ 
mentation and assisted greatly in evaluation of the items selected for statistical 
investigation. 

The Hollerith statistical system was employed subsequently in the study of 
criminal cases conducted by the Yale School of Law in the Connecticut Superior 
Courts. The form used in that study is reproduced here. (Figs. 182 and 183.) 

In the spring of 1930 a committee headed by Dean Clark was appointed 
by the National Commission on Law Observance and Enforcement to conduct 
a study of law administration in the federal courts. This study was to follow 
the lines of the state court projects. Currently with this study a subco mmi ttee 
of the Commission was making a general analysis of judicial statistics then 


♦A slightly condensed form -was used for the last four years of the civil case study. 

** The results of the Connecticut study which covers a fourteen year period are being prepared 
for _ Publication. &ome of the material has already appeared in law journal articles: Shulman 
?22o?5S2 ip /£ n : £ or £ cl ^ nr £ s in Su P eri ° r Court for New Haven County, at New Haven, 

1929-1932 (Oct. 1933) Bull. N. H. County Bar Association 4; Clark and Shulman, Jury Trial in 
Civil Cases—-A Study m Judicial Administration (1934) 43 Yale Law Journal 867. See also 
Clark and King, Statistical Method in Legal Research (1930) 5 Yale Sci Mag. (No. 1) 15. 
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Fig. 182 —Front of Connecticut Criminal Form 



Fig. 183—Back of Connecticut Criminal Form 
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- (W> TERM OF COURT— 


_19_YEAR OF TERMINATION- 


ANALYSIS OF-CRIMINAL CASE RECORDS IN THE UNITED STATES DISTRICT COURTS FORM 7A-9-30 


A. DISTRICT COURT 


Res. Accused — 


Accused’s attorney . 


Female: adult . 


Public official: male ..... 
Public official: female - 
Company or corporation 
Other specify , 


_ PLACE— 


OFFENSE: DATE - 
OTHER DEFENDANTS 10. 11- 

State number of other defendants disposed of— 
List names of those not disposed qf— ■ — ... 


No lrue bill by Grand Jury _ 


12 0 
12 1 
12 2 
12 3 
12 4 
. 12 5 


GRAND JURY DOCKET NO_ 

DISTRICT ATTORNEY DOCKET NO. _ 


OFFENSE CHARGED IN INDICTMENT OR 

INFORMATION 13, 14. 13_ 

Describe each count; cite statute. 


NUMBER OF COUNTS 


16. 17- 


DATE INDICTMENT OR INFORMATION FILED 
Year 18, 1#- 

Code month as indicated Month 20_ 

January _J May S September —9 

February —2 June 6 October —0 

March —3 July 7 November_X 

April —4 August —8 December —Y 


DATE OF ARRAIGNMENT IN DISTRICT 


No pleading: not guilty entered 

Nolo contendere_ ..... .____ 

Guilty as charged __ 

Guilty to part L _ 

Not guilty . . 


DATE OF LAST PLEA- 


24Y 
24X 
24 0 


ACCUSED’S PLEADINGS I 

No entry ....._22Y 

Other conviction, acquittal. 

pardon . 23X 

Motion to quash indictment 

or information ._ 23 0 

Motion to quash evidence or 

warrant —--„- 23 1 24 1 

Demurrer- 23 2 24 2 

Plea in abatement--- 23 3 24 3 

Motion to elect_ 23 4 24 4 

Motion to dismiss_ 23 5 24 S 

Motion for bill Of particulars 23 6 24.6 

Motion m arrest of judgment 23 7 24 7 

Mitioo for new trial _'23 8 24 8 

Other specify -___23 9 


RULINGS ON ACCUSED’S PLEADINGS 


For United States - 


-26Y 26 2 

_ 26 X 26 3 

_ 26 0 26 4 


25Y 
25X 
25 0 

251 
25 2 
25 3 
25 4 
25 5 
25 6 
25 7 
25 8 


26 6 
26 7 
26 8 


TOTAL PLEADINGS OF ACCUSED Number 27— 
List those not above designated 


TOTAL PLEADINGS OF U. S, 


DATE OF PLEADINGS: FIRST- 
DATE TRIAL BEGAN — 
NEW TRIALt Describe_ 


Fig. 184—Front of Federal Criminal Form 


TIME SPENT IN JAIL AWAITING TRIAL 

trio bond) Days St, 2 _ 

Deducted from sentence ___....-.... 31X 

DATE DISPOSITION DISTRICT COURT 

. Year 33. 3- 

(Indicate month as In col. 20) Month Ji 


36, 37_ 


DISPOSITION IN DISTRICT COURT 
rv. No entry 

00. Discharged on plea in bar 
01. Discharged oo pleadings 
02. Discharged after jury trial 
03. Discharged after court trial 
04. Discharged: directed verdict 
05. Information or indicts 
06. Nolle prosequi 
07: Nolle account other indictment or information 
08. Convicted as charged: guilty plea 
09. Convicted as charged: Jury 

10. Convicted at charged; court 

11. Convicted part: guilty pica 

12. Convicted part: jury 

13. Convicted part: court 

14. Convicted after consolidation of indictments 

15. Mistrial 

16. Removal to another District Court 

17. Pending: never apprehended 

18. Pending: bond forfeited, at large 

19. Pending: sick or insane 

20 Pending: witnesses unavailable 
2L Pending: awaiting outcome state trial 

22. Pending: awaiting further investigation 

23. Pending: confined elsewhere 

24. Pending: awaiting removal to another district 

. 25, Pending: continued. United States 

26t Pending: continued, defendant 

27. Other specify_ 


No entry 
Fine and p. 
Fine witbou 


__ 41Y 

- 41X 

_ 41 0 


Suspended 

Probation 


sentence and probation . 


Other specify _ 

PROBATION 


Local probation c 

State probation of_ .. 

Federal probation officer 
Private —' 


State prison specify . 

Local jail specify_ 

Fort Leavenworth . 
Atlanta — 

•McNeil's 1 


National Training School for Boys - 
State reformatory specify —__ 

Insane asylum specify _ 

Other specify __ 


AMOUNT OF FINE Intervals of $25. 44, 45. 46- 

TERM OF SENTENCE-Months 47. 48, 49— 

Describe if concurrent__ _ 


COSTS. Intervals of $10. 
CHANGES IN DISPOSITION 


Same: released: poor convict.. 

Stay pending appeal_ 

Other specify .... 


51 5 
, 51 6 
. 51 7 
51 8 
. 51 9 


DATE OF CHANGE IN DISPOSITION- 


DATE OF PAYMENT OF FINE_ 

DATE OF MITTIMUS_RETURNED_ 

• • • 


APPEAL OR CERTIORARI 


C. C A.: no entry on disposition____ 

C C A.: no error —- - 

CCA.: error ..... ... 

C.CA.: error: new trial ordered-____ 

Sup. Ct: no entry on disposition..'.__ 

Sup. Ct: 

Sup. Ct: e 


Sup. Ct 
Other i 


or. sew trial ordered" 


52 4 
52 5 
52 6 


INTERVAL DISPOSITION GRAND JURY OR 
PROSECUTING ATTORNEY TO DISPOSITION 

DISTRICT COURT Day. 53. 54, 55_ 

(Code 999 if over 999 days) 

INTERVAL BEGINNING TO END OF TRIAL 

Days 56* 57_ 

• • • 

Only Commissioner's Transcript hi file— 58 0 
Only bond data in file -t- 58 1 

Both iu file _—_ 58 2 

Neither in file —___ 58 3 


NO DATA CODED ON FORM B„ 


Fia. 185—Back of Federal Criminal Form 
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SERIAL NO. _ YEAR OF TERMINATION__ OFFICE_DISTRICT—_ 

ANALYSIS OF CRIMINAL CASE RECORDS IN THE UNITED STATES DISTRICT COURTS 

B, PRELIMINARY HEARING Form 7B 9 SO 


NAME OF ACCUSED 


WARRANT ISSUED ON AFFIDAVIT OF Sear 

ch Arrest 

Y 60 Y 



State police officer ... 

.. 59 

1 

60 

1 

Local- police officer .. 

.. 59 

2 

60 

2 

Federal Bureau of lines.igauou ... 

.- 59 

3 

60 

3 

Other Federal Bureau specify_ 

_ 59 

4 

60 

4 

Other specify 

- i9 

5 

60 

5 

WARRANT ISSUED BY 

Search 

Arrest 





United States judge .. 

__ 61 

0 

62 

0 

United States commissioner .. 

.61 

1 

62 

1 

State court judge . 

. 61 

2 

62 

2 

Other specify 

_ 61 

3 

62 

3 

SERVICE AND ARREST 

Search . 

Arrest 



64 Y 

Warrant: U. S. marshal .. 

.- 63 

0 

64 

0 

Warrant: state police .-. 

.. 63 

1 

64 

1 

Warrant: local police ... 

. 63 

2 

64 

2 

Warrant : other specify . 

_ 63 

3 

64 

3 

No warrant: U S. Marshal .. 

. 63 

4 

64 

4 

No warrant: state police .. 

. 63 

5 

64 

.5 

No warrant local police . .. 

.. 63 

6 

64 

6 

No warrant: private individual . 

. 63 

V 

64 

7 

No warrant: other specify 

_ 63 

8 

64 

8 

Voluntary appearance: no arrest ... 



64 

9 

Formal arrest waived ... 



64 X 


DATE OF ARREST OR FIRST APPEARANCE BEFORE 
COMMISSIONER _ 


OFFENSE CHARGED ON ARREST OR BEFORE COM¬ 
MISSIONER 65,66, 67_ 

Ht-cf ril»» _ 


NAME OF COMMISSIONER _ 

COMMISSIONER'S DOCKET NO. _ 

PLEA BEFORE COMMISSIONER 

No entry ..........68Y 

Not guilty .................._.... 68 0 

Examination waived ...... 68 1 

Not guilty: examination waived ... 68 2 

Guilty _________..... 68 3 

Other specify _ 68 4 

CONTINUANCES BEFORE COMMISSIONER 

Interval in days 69, 70_ 

No. for accused_ for U. S. —_ Total_ 

DISPOSITION BEFORE COMMISSIONER 

No entry .............._-..71Y 

Released: no probable cause .............. 71 0 

Bonded to appear in District Court ___ 71 1 

Committed to jail pending trial .... 71 2 

Bonded to appear before Grand Jury .. 71 3 

Committed to jail for Grand Jury .... 71 4 

Other specify 71 5 

DATE OF DISPOSITION BEFORE COMMISSIONER 


INTERVAL BETWEEN DATE OF OFFENCE AND DATE 
OF ARREST OR FIRST APPEARANCE BEFORE COM¬ 
MISSIONER Months 72, 73_ 

INTERVAL ARREST OR FIRST APPEARANCE BEFORE 
COMMISSIONER TO DISPOSITION COMMISSIONER 

Days 74, 75_ 

INTERVAL DISPOSITION COMMISSIONER TO DISPO¬ 
SITION GRAND JURY OR PROSECUTING ATTORNEY 

Days 76, 77_ 

INTERVAL ARREST OR FIRST APPEARANCE BEFORE 
COMMISSIONER TO DISPOSITION DISTRICT COURT 

Days 78, 79, 80_ 

Tabulated by_ Checked by , . 


Fig. 186 —Federal Criminal Form—Preliminary Data 


available both in the federal and state courts.* It was hoped that the Federal 
Court Study would 

“furnish reliable and rather comprehensive information respect¬ 
ing the daily business of the Federal district courts. The data 
sought (were) in general of three kinds: (1) The kinds and num¬ 
bers of cases which are coming before the courts, the various 
statutes or laws which are bringing those cases into these courts, 
and to some extent the kind of parties which are involved in 
such cases; (2) the various methods and devices which are em¬ 
ployed in the courts by the parties to expedite or delay the trial 
of these cases, or to try them or otherwise dispose of them; and 
(3) the various dispositions made of the cases.”** 

Work began on the criminal cases. After some experimenting, the form illus¬ 
trated in Figs. 184-185 was devised for criminal cases in the district courts; 
Fig. 186 for the preliminary phases of those cases. 

From the fall of 1930 to July 1, 1931 a staff of 35 field workers visited 
the offices of the clerks of courts in thirteen districts and from the dockets and 
files filled out these forms for more than 35,000 cases. In approximately 
1200 of the cases, the information was gathered on a condensed card. The 
large number of cases studied, the number of districts covered and the type of 
report desired clearly indicated a need for a mechanical tabulating process. 

* See Ploacowe, A Critique of Federal Criminal Statistics for The National Commission on 
Law Observance and Enforcement.; Warner, Survey of Criminal Statistics in the United States 
for The National Commission on Law Observance and Enforcement: both in Report No. 3 (1931) 
Report on Criminal Statistics. 

** See Progress Report of the Study of the Business of the Federal Courts for The National 
Commission on Law Observance and Enforcement, page 1. 
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The punch card system was selected as being best adapted to the needs of 
the survey. 

The same methods were used in the collection and tabulation of some 10,000 
civil cases on the form illustrated in Figs. 187-188. 

Much of the information collected in the federal court study has already 
been tabulated. A great deal of it has not been touched but is available as an 
inexhaustible source for future detailed studies of special matters. 1 The flexi¬ 
bility of the statistical system was well illustrated during the course of the 
project when a sub-committee of the Commission requested data on juvenile 
offenders. 2 A special card was set up containing all of the information shown 
in Figs. 184 to 186 and also the additional items sought. Both cards were 
filled out and punched together, thereby eliminating the necessity of separate 
tally sheets, interruption of the worker’s regular task, and of a separate manual 
tabulation. Indeed, without the punch card system, it would not have been 
possible to have furnished the requested data. 

The reports on the study of the federal courts are being published at the 
time of this writing. 3 An important part of these reports is the “Detailed 
Tables’’ so-called which form their bulk. It is safe to say that a great number 
of these tables would never have been set up had the work to be done man¬ 
ually. The labor, time and expense involved would have been prohibitive. 

The adaptability of the punch card system to judicial statistics was demon¬ 
strated sufficiently in the federal court study to warrant a recommendation of 
its use in the office of the Attorney General of the United States for the collec¬ 
tion and tabulation of both criminal and civil statistics. 4 The system has also 
been satisfactorily used in studies of judicial statistics in the state courts of 
Ohio and West Virginia 5 and in motor vehicle accident 6 studies conducted 
through the School of Law and Institute of Human Relations of Yale University. 

The drive for adequate judicial statistics was carried on at other places as 
well as at Yale. Some few years after the commencement of the Yale projects 
a series of studies was initiated in the state courts of Ohio and Maryland by 
the Institute of Law of The Johns Hopkins University. In some of these 
studies the tally sheet from which the material was tabulated manually was 
used; in others, the punch card method. 7 In a series of bulletins and reports 
the Institute of Law has not only actively encouraged the search into the 
treasuries of the trial courts’’ but has furnished the necessary maps, the data 


iSee Clark, The Diversity of Citizenship Jurisdiction of the Federal Courts (1933) 19 

American, Bar Assn. Journal 499; Douglas and Marshall, Bankruptcy Administration: A Factual 
Study and Some Suggestions (1932) 32 Columbia Law Review 24, 38-42. 

cha P te J IV of the Report on The Child Offender in the Federal System of Justice 
(1931) Report No, 6. 

3 75 er ?noV ‘ wo one on criminal cases, the other on civil. They are published as of 

May 10, 1934 from the Executive Office of the American Law Institute at Philadelphia. The 
appendices of these reports reproduce the instructions issued to the field workers on this proiect. 
giving detailed directions as to the manner of handling the various forms. Copies of the Manual 
for Field Workers are also available at the Vale School of Law. 

4 See Report on Criminal Cases (1934) 16; Report on Civil Cases (1934) 21. 

» * 5Tlle m reports of these studies are now being prepared and will be published in the near 
future. The data cards used ere not reproduced here because of their similarity to those of the 
Connecticut and federal studies. 

6This project had important sociological aspects. For its method and content the report 
Accidents *'( > 1932) >e COnSulted ' Re P° rt of The Committee to Study Compensation for Automobile 

7Editok’s Note : See card form Fig. 4 on page 6. 
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cards and tally sheets, with which to locate the statistical nuggets.* It is, per¬ 
haps, not mere coincidence that it too found and recommended the punch 
card method to be an adequate one. 

The effect of the activity of Yale, Johns Hopkins, the Wickersham Com¬ 
mission and others in judicial statistics has been to demonstrate the need and 
the value of adequate statistics and of the development of efficient and prac¬ 
tical techniques for their collection. Since the commencement of that activity 
definite steps have been taken in various quarters, notably in the United States 
Census Bureau and in the Committee on Government Statistics, to create a 
standard of judicial statistics and to provide for their systematic collection 
both in state and federal courts. 


* The following are some of the materials published : Marshall, Unlockingi the Treasuries of 
the Trial Courts (1933) ; Hotchkiss and Gehlke, Uniform Classifications for Judicial Criminal 
Statistics (1931) ; Marshall, Comparative Judicial Criminal Statistics: Ohio and Maryland (1932) ; 
also reports in connection with the Study of Judicial Administration in Maryland (Bv The Judicial 
Council of Maryland and The Institute of Law) ; and Study of Judicial Administration in Ohio 
(By The Judicial Council of Ohio, The Ohio State Bar Association and The Institute of Law) : 
see also Marshall, Hotchkiss and Gehlke, Judicial Criminal Statistics—A Report to the Judicial 
Section of the American Bar Association and the National Conference of Judicial Councils. 
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PART VII 


Applications in Legal Research 
CHAPTER II 
Judicial Criminal Statistics 

By 

Ronald H. Beattie 

Research Assistant, Bureau of Public Administration, University of California 

'T’HE term “criminal statistics” has been applied indiscriminately to nearly 

every kind of quantitative or numerical statement made about crime or the 
administration of criminal justice. Consequently, there has grown up a certain 
public distrust of the validity of statistical data on crime, and this distrust has 
been further aggravated by the readiness with which both laymen and so-called 
“experts” bolster up their opinions and arguments concerning the defects in 
the administration of criminal justice with any figures that may fit their par¬ 
ticular theories. It is quite apparent from the vagueness and instability of 
our quantitative information on crime in this country that we have no formal 
system of “criminal statistics” which offers complete and reliable information 
on the whole field of crime and criminal administration. 

During the past decade there has developed a marked interest in our crim¬ 
inal law enforcement and a demand by the public to know what is actually 
going on in this field of activity. The early crime surveys,* with their revela¬ 
tions of how criminal administration actually operated, seemed to successfully 
break up the apathy which had been characteristic of the public attitude toward 
this subject previous to 1922. Students of criminal administration came to 
realize that the records kept by the various law enforcement agencies could, 
through proper organization, furnish the essential information concerning our 
whole law enforcement system.* * 

With the growing demand for accurate official data to supplant sporadic and 
unstable statistical information on crime, has come a concerted effort to develop 
a statistical accounting system for the activities of the various law enforcement 
agencies. Out of the crime surveys came the idea that we should periodically 
and continually measure and analyse by a uniform method the work done by 
those engaged in criminal administration. 

* Criminal Justice in Cleveland, edited by Eoscoe Pound and Felix Frankfurter, 1922, The 
Cleveland Foundation, 729p. The Missouri Crime Survey, 1926 Macmillan, New York, 587p. 
The New York Crime Commission, Beport of 1928, Legis. Doc. No. 23, 1928, 669p. The Illinois 
Crime Survey, 1929, Ill. Association for Criminal Justice, 1108p. 

•* See Eoscoe Pound, What Use Can Be Made of Judicial Statistics, 12 Oregon Law Keview, 
89-95, Feb. 1933. 
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The attempt to develop a system of uniform criminal statistics has been 
experimented with in each of the functional areas charged with the administra¬ 
tion of criminal justice, namely, the police, the court or prosecution, and the 
penal. The greatest progress toward a uniform system has been made in the 
first two areas named. Undoubtedly, further progress will be made in each of 
these three areas of criminal administration but the time is fast approaching 
when an integration of the three sets of statistics will be consummated and a 
reliable picture of the whole process of criminal administration may be obtained. 

Statistics on prosecution or court action in criminal cases have been denom¬ 
inated “Judicial Criminal Statistics.’’ Much work has been done in recent years 
toward the formulation of uniform and accepted classifications of information 
on the activity of criminal courts. Notable work has been done by the Johns 
Hopkins Law Institute, the Ohio Institute, the Census Bureau, and many other 
individual scholars and research agencies.* The Bureau of Public Administra¬ 
tion of the University of California has been engaged since 1930 in a project 
which was designed to develop and test a statistical system of accounting for 
the work of the Superior Courts of the state in criminal cases. 

Methods of Tabulating Judicial Statistics: 

There are two distinct methods of compiling statistical information on the 
activities of the criminal courts of a state. The first, and most commonly recom¬ 
mended, requires the reporting of the activities of a court to a central agency 
of the state on uniform summary or tally sheets furnished to the various courts 
or counties for this purpose. The summary totals sent in from all courts or 
counties are then combined at the central office and totals for the entire state 
computed. It will be noted that while this method furnishes the total values for 
the state, no detailed analysis of the state totals, which goes any further than 
the summary figures furnished from each county, can be made. Thus if each 
county furnished figures on the total number of criminal cases handled, and 
distributions of this number according to the offense charged, the disposition 
made, and the punishment imposed, the total cases for the state and the total 
values for each of these three items would be available, but there would be no 
possibility of determining the relationships between any of these facts except 
on the basis of county totals. The tallying, or summarization, of the totals of 
each county which are entered on the summary sheet and sent to the central 
office, is usually done by hand. As long as the number of cases is not too large, 
and the variety of information desired is limited, this method may work very 
well. The hand method, however, does have limitations which may be avoided 
by the use of the alternative or second method. 

The second method of compiling data on the criminal cases within a state 
requires no summarization or tallying on the part of local clerks or officials, but 
requires that a brief summary of the essential facts on each case or person be 

* Judicial Criminal Statistics, Leon C. Marshall in collaboration with Willis L. Hotchkiss and 
Charles E. Gehlke. Institute of Law, Johns Hopkins University, 1932,, 56p. 

A Statistical System of Criminal Statistics and Information, The Ohio Institute, Columbus, 50p. 

A Standard Classification of Offenses for Criminal Statistics, adopted in 1932 for use in the 
Bureau of the Census, Department of Commerce, and the Bureau of Investigation, Department of 
Justice, Government Printing Office, Washington, 1933, 5p. 
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reported to the central office. This means that all classification and tabulation 
is done at the one place. This material is tabulated on a defendant or case unit 
basis and is usually done by machine methods rather than hand methods. 

The Ohio Institute* discusses the second method just mentioned as follows: 
“ It is obvious that from a statistical point of view, this method possesses certain 
marked advantages. Not to mention such an elementary matter as mathematical 
accuracy, uniform application of definitions and rules governing classification 
and compilation is much more easily secured through a small central office staff 
than through a large number of local officials scattered throughout the state. 
Also, much more intensive and complicated analyses can be made by the second 
method, which if sufficiently developed lends itself readily to the economies of 
modern statistical machinery.” 

The experimental project that has been carried on in California was planned 
and carried out as a test of the workability of this second method, and was 
devised primarily for the punch card method of tabulation. The techniques 
used, both in the reporting of the information and in the coding, punching, and 
tabulating of the data for California, are here presented. 

It would seem advisable, before attempting to describe the complex procedure 
of compiling statistics by the second method, to demonstrate by a simplified illus¬ 
tration the actual operation and comparative efficiency of the two methods used. 

Let us assume a county in which there are 200 felony prosecutions in a year. 
The essential data which are to be reported on each of these 200 defendants or 
cases** are the offense charged, the disposition of the case by the court, and 
the punishment imposed if a conviction resulted. The subdivisions to be used 
for each of these three items of information are as follows: 

I. Offense Classification: 

1. Homicide 

2. Robbery 

3. Assault 

4. Burglary 

5. Larceny and fraud 

6. Forgery 

7. Sex offenses 

8. Narcotics 

9. Other felonies 

II. Disposition Classification: 

1. Pleaded guilty on arraignment 

2. Changed plea to guilty 

3. Found guilty by jury 

4. Acquitted by jury 

* A Statistical System of Criminal Statistics and Information, The Ohio Institute, op. cit. p. 43. 

• * The terms “defendants” and “cases” are used interchangeably. It is accepted that the 
basic unit in judicial criminal statistics should be the defendant and all figures reported in terms 
of defendants handled. 
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5. Found guilty by court 

6. Acquitted by court 

7. Dismissed 

8. Other disposition 


III. Punishment Classification: 

1. Capital 

2. Prison 

3. Probation 

4. Jail 

5. Fine 

6. Juvenile institution 

7. Suspended sentence 

8. Other sentence 

Under the first method of tabulation mentioned, that of tabulating the cases 
by hand, a summary tally sheet would be furnished to the county clerk to be 
filled out by him from his official records. The tally sheet would be in a form 
something like this. (See Fig. 189.) 

The tabulation procedure would require a clerk to go through the docket or 
register of criminal actions of the county and tally each case disposed of during 
the year, once according to offense charged and disposition, and, for those con¬ 
victed, once according to offense charged and punishment. It will be observed 
that there are 72 possible squares in each comparison, or 144 on the whole 
tally sheet. The hand tabulation of 200 cases in this manner is not a very diffi¬ 
cult task, although the opportunities for error through tallying a case in an 
improper square are rather extensive.* 

If this method is used in a county where 1000 cases a year are handled, the 
difficulties of correct tallying are greatly increased, and in such a county as 
Los Angeles, where there are some 5000 felony cases annually disposed of in the 
trial courts, the magnitude and complexity of hand tabulating becomes almost 
overwhelming. 

The disadvantages of the hand tabulating method are not confined to the 
complexities of the method and the wide possibilities for error which are inherent 
in any attempt to tally by hand a large number of cases in a host of minute 
classifications. The most serious criticism of this method is the inflexibility of 
information which is finally tabuated. In the example just cited, the following 
information will be secured: 

1. The total number of cases handled, shown according to offense charged 

and disposition. 

2. The total number of convictions, shown according to offense charged and 

punishment. 


* A very interesting report on the inaccuracies encountered in the process of hand tallying 
election ballots appears in the Nat’l. Mun. Rev., Aug. 1934, pp. 436-42, by Emmett R. Bennett of 
the Univ. of Cincinnati. “Hamilton County, Ohio Recounts Some Ballots.” The tally sheets used 
in the election counting process have much in common with the tally sheets used under the hand 
method of tabulating judicial criminal statistics. 
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Pleaded guilty 
on arraignment 
Changed plea 
to guilty 


H 



Fig. 189—Customary hand tally sheet 
























The total number of robbery cases will be known and the number convicted 
by a plea of guilty and by a jury trial will be known. Also, information of the 
total number of robbery defendants convicted and the number given a prison 
sentence is available. However, if any further analysis of the robbery cases is 
desired, such as the proportion of robbery convictions by plea of guilty which 
were sentenced to prison as compared to the proportion of robbery convictions 
by jury trial, so sentenced, no information will be available as the cases were not 
tallied in that way. 

The weakness of this method is that only the specific values tabulated can 
be used and no further analysis of these values is possible. Of course more 
tally sheets could be provided which would allow the tabulation of the cases 
in many more two-way comparisons. But expansion along this line soon reaches 
the limits of physical possibility. A tally sheet for each offense group might 
be furnished which would compare the disposition of the cases of the particular 
offense with the punishment imposed. But this would mean nine more tally 
sheets to be filled out, and for even as small a total as 200 cases this becomes a 
complicated and time consuming task. 

The development of card sorting and tabulating machinery however has 
revolutionized the field of accounting and statistics, in that the most complex 
relationships can be readily tabulated and determined by the punch card method. 
It is due to such machinery that the second method of compiling criminal sta¬ 
tistics becomes possible. 

How would these same 200 eases be handled if the information were furnished 
on a case basis and prepared for punch card tabulation? 

In the first place, instead of the county clerk being required to tally and 
summarize the cases handled, he would be asked to fill out and send in to the 
central agency this simple report on each case disposed of by the court. 

Case number .Disposition. 

Offense charged .Punishment. 


This task does not require any judgments as to classification or any tabula¬ 
tion on the part of the local official or clerk. He is merely asked to report the 
facts of each case concerning offense charged, disposition and punishment. 

At the central agency, after these individual reports are received, a Hollerith 
punch card is prepared on which is coded the specific information as to the 
three items reported for the case.* 

To code the information on the criminal cases, a column is assigned to each 
item of information. Information as to crime charged will be coded in column 
1; information on disposition, in column 2; on punishment, in column 3. The 
numbers 0 to 9 in each column can be used to designate the particular sub¬ 
classification to be coded for each general item of information. Thus for col umn 
1 on offense charged, 1 will mean a homicide case, 2 a robbery case, 3 an assault 
case, etc., according to the classification set forth above. Thus 8 means a 


Editor's Note : A description of the punch card above referred to and of the method 
it for a specific purpose will be found on pp. 3 to 6 incl. of this book 
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narcotics charge and 9 other charges. In the same way, in column 2 on dis¬ 
position, 1 will mean plead guilty on arraignment, 2 changed plea to guilty,etc. 
In column three on punishment, 1 means capital punishment, 2 prison sentence, 

etc. 

It is a very simple matter to take each case report and code the three num¬ 
bers that represent the information contained in the report. Thus a robbery 
case, in which the defendant was found guilty by a court, resulting in a sen¬ 
tence of probation would be coded: 

Column number 12 3 

Code values 2 5 3 

A ease which was coded 8-1-4, would be interpreted as a narcotics ease in which 
the defendant pleaded guilty and was sentenced to jail. 

After the code values are written and checked, a Hollerith card is punched 
out for each case. The material is then prepared and ready for machine sort¬ 
ing and tabulation. 

A punch card sorting machine will separate the cards on any one column, 
according to the number punched out, at the rate of 400 per minute. Speci¬ 
fically, the 200 cards can be sorted on column one and thus be divided into the 
nine offense classifications used in just 30 seconds. Furthermore, not only does 
the operation sort out these cards at this rate of speed, but counts the total 
number of cards and the total of each subdivision sorted. 

This method makes possible the analysis on a ease basis of all the material 
coded on the punch card. The question, what proportion of the robbery cases 
pleading guilty were given prison sentences, as compared to the proportion 
found guilty by a jury given prison sentences is very quickly answered. First 
the robbery cases can be sorted out in approximately 30 seconds. These rob¬ 
bery cases can then be sorted on column 2 to determine the disposition groups 
in another few seconds, and then the robbery cases pleading guilty can be sorted 
on column three and the distribution of punishment immediately determined. 
This entire operation would require less than two minutes by the sorting process. 

Once the information is coded on punch cards, values for any factor or 
combination of factors coded can be determined very rapidly. The information 
is completely flexible within the terms in which it is coded. Furthermore, a 
machine functioning properly makes no mistakes. If the original information 
has been carefully gathered, coded and punched, there is no worry or loss of 
time caused by errors in tabulation. 

The advantages of using the second method for even 200 cases when only 3 
factors or items of information are required seem obvious even though this 
small number could easily be tabulated by hand. The problem of studying 
what happens in the administration of criminal justice requires, however, the 
analysis of many factors connected with criminal eases, not only these three. 
Determination must be made, not only of how charge, disposition and pun¬ 
ishment are related, but also of the sex of the defendant, the time involved in 
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each step of the process, the specific term of imprisonment, the conviction for a 
different offense than first charged, and the inter-relationships between all or 
any of these and many other factors or combinations of factors which enter 
into the administration of criminal justice. In other words, criminal cases must 
be analyzed in many ways to discover what influences and associations are re¬ 
lated to efficient administration. It is only by the use of the punch card method 
that such complete analyses can be made. At the same time, the process of sum¬ 
marizing the total activity that occurs in the state can be more accurately 
and rapidly accomplished by this method. For these reasons, the California 
project was designed to develop the detail of a system of reporting criminal 
cases to a central bureau on the basis of the punch card method. 

The California Project 

Three California counties agreed to cooperate in this project by sending to 
the Bureau of Pubic Administration of the University of California the data 
on each felony ease handled by the Superior Courts in their respective counties 
for the year July 1, 1931 to June 30, 1932. These counties were: Alameda, Los 
Angeles and Napa. At a later time information concerning the felony cases 
handled in San Francisco County for the same period of time was collected. 
The final report of this project deals with a comparison of Alameda, Los 
Angeles and San Francisco County cases. As there were only 31 felony cases 
from Napa County for the year covered, that county was not included in the 
final comparisons. 

It was decided that two information cards would be required for each de¬ 
fendant prosecuted, the first to be filled out when the case was filed in the 
Superior Court and the second after the case was finally disposed of by the 
court. This procedure was adopted in order to have available the detailed 
information on pending cases as well as on completed cases. 

The card illustrated on the opposite page, Fig. 190, was furnished for the 
first reporting of a felony case that was filed. 

From this card the following items of information were obtained: (1) 
county; (2) docket number; (3) name of defendant; (4) type of prosecution 
initiated, whether information or indictment; (5) date of filing; (6) charge or 
charges filed, by counts (7) dates of alleged offenses; (8) previous convictions 
alleged. 

The second information card filled out after final disposition of the case was 
made by the court was as follows (see Fig. 191). 

The receipt of the second information card completed the reporting of all 
facts of the case to the central agency. The county, docket number and name 
of defendant were items which duplicated information received on the pre¬ 
liminary card, but were useful means of identifying the two cards belonging 
to the same defendant. New items of information furnished were: 

1. Date of arraignment 

2. Plea on arraignment 

3. Amended plea 
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REPORT OF FELONY CHARGE 


INDICTMENT 


INFORMATION 

ABOVE DEFENDANT ALLEGING THAT ON 
HE COMMITTED THE OFFENSE OF: 


WAS FILED AGAINST THE 


1ST COUNT 


2ND 


3RD 


4TH 


5TH 


ALLEGED 

PREVIOUS 

CONVICTIONS 


Fig. 190 


4. Date of first trial 

5. Result of first trial 

6. Result of second trial, if held 

7. Whether court or jury trial 

8. Charge of which convicted 


COURT 

no. Name 

COUNTY 













































































9. Dismissal or other disposition 

10. Sentence of those convicted. 

11. Date of disposition 

Prom these two cards giving the raw facts of each case in the superior 
courts, twenty-six items of information were selected to be coded and punched 
in the first 49 columns of an 80-column Hollerith punch card (see Pig. 192). 
These 26 items and the columns of the punch card assigned to each were: 


Number 

Information 

Columns Assigned 

1 

County 

1, 2 

2 

Court 

3, 4 

3 

Date of filing 

5, 6, 7 

4 

Docket number 

8, 9, 10, 11, 12 

5 

Sex of defendant 

13 

6 

Type of action 

14 

7 

Offense charged 

15, 16, 17 

8 

Counts 

18 

9 

Pleas 

19 

10 

Insane plea 

20 

11 

Disposition 

21 

12 

Dismissal 

22 

13 

Trials 

23, 24 

14 

Other dispositions 

25 

15 

Convicted offense 

26, 27, 28 

16 

Type of conviction 

29 

17 

Nature of sentence 

30 

18 

Probation term 

31, 32, 33 

19 

Jail sentence 

34, 35 

20 

And/or fine 

36 

21 

Amount of fine 

37, 38, 39, 40 

22 

Appeals 

41 

23 

Time interval: filing to arraignment 

42, 43 

24 

Time interval: arraignment to trial 

44, 45 

25 

Time interval: arraignment to disposition 

46, 47 

26 

Time interval: filing of disposition 

48, 49 


The process of coding the information for punching was carried out by 
writing the coded values on the back of the first information card received, in 
the order of the occurrence of the information on the punch card. (The codes 
used for each item are detailed later in this article). After this coding process 
was completed and checked the coded values for each case were then punched 
on a Hollerith card. 

The coding of the values on the back of the first information card proved 
to be an awkward procedure, for it required frequent turning of the card as 
the first seven items of information used were on the face of this card. The 
place and method of coding the information to be punched is of importance 
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with respect to both efficiency and accuracy. As the result of this experience, 
it is believed that the most convenient place for coding the information would 
be at the bottom of the first data card, and that appropriate spaces should be 
printed there for this purpose. 

Following is a sample of the eighty-column punch card used in this project: 



From the coded values for the 49 columns written on the back of the first 
information card, the punch operator punches out the Hollerith card. A check¬ 
ing process on the punching is made possible by the use of the Hollerith verifier. 
The punch card is then completely ready for actual tabulation of the data and 
every piece of information desired can be run off on the sorting and tabulating 
machines. 

Before any sorting or tabulating is done, work sheets are prepared for 
every comparison or tabulation that is known to be wanted. The advantage in 
having all these work sheets prepared before any work on the machines is at¬ 
tempted, is the increased efficiency with which the sorting and counting can be 
accomplished. Thus, if separation into offense groups is one of the most time 
consuming sortings to be made, and the offense groups are to be tabulated on 
the basis of ten other factors, it will save considerable time to sort the cards 
according to offense groups and, holding them in that order, to run off the in¬ 
formation on the ten other factors. Otherwise, ten sortings into offense groups 
may be required at different times to prepare the cards for these particular 
comparisons. Careful planning of the order in which the information is run 
off on the machines and filled in on the work sheets will speed up the process 
considerably. 

All of the tabulations done in this study were done on the counting-sorter; 
tabulators were not used. The development of the counting-sorter has made 
possible, not only the counting of the total number of cards passing through 
the sorter but also the count of the total cards sorted in each pocket. (The 
number of holes punched is counted, but in a scheme such as this of punching 
only one hole in a column, the total number of holes recorded in the count of a 
column and the total cards are identical). This means that in a one-column 
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item, the detailed frequency distribution can be obtained in one sort. Thus the 
5000 Los Angeles eases were sorted and the distribution as to disposition 
(Column 21 on the punch card) was obtained within 15 minutes running of 
the machine. 

Even in tabulating the time interval values, it was found that the work 
could be done as conveniently and effectively on the sorter as with a tabulator. 
The use of a printing tabulator would have furnished a minute frequency 
distribution and a summation of the time values; but the sorting operation 
would have been necessary to prepare the cards in order for the tabulator. 
The speed with which the cards could be sorted and counted and a frequency 
distribution written down, together with the convenience of carrying out all 
computations on a calculating machine, determined the use of this method of 
tabulating. Furthermore, to set up the tabulator for a specific tabulation re¬ 
quires some time and effort, while no effort is required for preparing the sorter, 
beyond the setting of the contact brush in line with the proper column, a proce¬ 
dure which takes but a second’s time. The speed of the sorting operation is of 
tremendous advantage in confining the work to this machine. 

The final work in compiling judicial criminal statistics is the preparation 
of pertinent tables of information from the material which has been tabulated 
and set down on the work sheets. An illustration of a work sheet used and 
examples of the final tables prepared in this study are presented later in this 
article (See pp. 345 to 346). 

The method of gathering criminal judicial statistics which has been described 
here, lends itself very readily to routine procedure. Those local officials who 
cooperated found that it was a much simpler process for them to merely note 
down the raw information on each case appearing in the superior courts than 
to attempt to classify and tabulate a large number of cases themselves. This 
task fitted in with the routine of keeping the court records. Further, as has 
already been pointed out, to classify the cases for the whole state at one office 
makes for much greater uniformity and consequently greater reliability in the 
particular classifications used. All cases for the state can thus be interpreted 
from the same standpoint and therefore are really comparable. 

The experience acquired through the work on this project has suggested 
several possibilities for improvement, and the possibility of obtaining informa¬ 
tion in addition to that which was gathered. In the adoption of such a system 
as this for official use by the state, considerably more of the available informa¬ 
tion should be required in the reports sent in on each case. In particular, the 
dates of each step in the process should be reported so that a more minute 
analysis of the elapsed time could be made. The date of the second plea of 
guilty, the time consumed in the actual trial, and the date the case is referred 
to the probation officer should be reported. The recommendation of the proba¬ 
tion officer, the motions for a new trial and consequent rulings should be in¬ 
cluded. The reason for the dismissal of a case, the bail which was set and the 
facts as to whether the defendant was released on bail or recognizance, the 
department or judge disposing of the case, and the defense attorney should be 
reported. It is estimated that this additional information would consume an 
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additional eighteen columns of the punch card. This would still leave thirteen 
columns for other uses. While it may be more difficult to ascertain, as it is not 
a part of the court records, such personal information as the age, race, nativity, 
marital status and occupation of the defendant would be of considerable value. 
Further, reports as to the success or failure of probation, and of appeals, might 
be obtained and added to the punch card record of each defendant. 

The true advantage of this system lies in getting all the useful information 
about a criminal case accurately coded on a punch card. Then the task of 
finding the relationships between any of the factors coded or any set of factors 
is a simple matter, and the totalling of any set of particular information for 
the entire state is a task easily and accurately performed. 

Detailed code for the 26 items of the punch card 

The detailed codes used in the California study for the 26 items of informa¬ 
tion are here presented for general information and to illustrate certain princi¬ 
ples governing the formulation of codes with reference to punch card technique. 
It must be remembered that most of the tabulations desired will take the form 
of frequency distributions and that these can be most easily produced in the 
first instance by use of a counting-sorter. This means that all information 
used should be so coded as to simplify the amount of sorting required. This 
important principle of coding should constantly be kept in mind. 

Item I. County. Columns I, 2 

Code: 00—Alameda County 

10—Los Angeles County 
20—San Diego County 
30—San Francisco County 

40— Alpine County 

41— Amador County 

Etc. alphabetically 

The advantage of coding the four most populous counties in values of tens, 
listing the remaining 54 in alphabetical order, is that approximately two-thirds 
of the cases are finally disposed of in the first sort (on column one). This means 
that only the remaining third have to be sorted on the second column in order 
to identify the county. Thus if 10,000 cases for the state were to be sorted 
by county, the first sort would accurately place some 6500 of them in the proper 
county and the remaining 3500 cards would be sorted again on column 2. The 
difference in time between sorting 20,000 cards, if the counties were coded 
strictly alphabetically and 13,500 cards as now coded is the difference between 
approximately 60 minutes of machine work and 40 minutes. 

The remaining 54 counties do not necessarily need to be coded in alpha¬ 
betical order. If there were a good reason to group them into geographical 
or population size groups, so that groups of 40’s, 50’s, 60’s, 70’s, 80’s and 90’s 
each represented a definite geographical or population classification, then the 
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first sorting (column one) would give the totals according to groups and the 
second sort would identify the actual counties. 

Item 2. Court. Columns 3, 4 

This item of information was not used in our experimental study as there 
was no record of the department of the superior court disposing of the case. 
However, it is desirable to obtain this information so that the work of specific 
departments or judges can be analyzed. 

Item 3. Date of Filing. Columns 5, 6, 7 

The first two columns of this item are used to record the year. Thus 1932 
is coded “32” and 1934 coded “34”. The last or 7th column is used to code 
the month in the accepted manner, utilizing all twelve punching positions. 

Item 4. Docket number. Columns 8, 9, 10. II, 12 

The docket number is punched directly into these five columns. Thus 
docket number 72 is coded 00072; number 8463 is coded 08463, etc. This cod¬ 
ing of the docket number gives a permanent means of reference from the punch 
card to the original report cards. Further, by having this number on the punch 
cards, they can be arranged in numerical order by the sorting machine and filed 
in that manner when the tabulating work is completed. 

Item 5. Sex of Defendant. Column 13 

The sex of the defendant is coded “1” for men and “2” for women. The 
determination of the sex was made entirely from the complete name of the 
defendant as reported. This is not a satisfactory method of classification on the 
basis of sex, as first names do not always accurately disclose the sex. In an 
official reporting system, information as to whether the defendant is a man or 
woman would be asked for in the original report of the case. 


Item 6. Type of Action. Column 14 

This study was concerned with felony cases only, and the only information 
possible as to type of action was coded “1”, information filed, “2,” indict¬ 
ment filed. 

Item 7. Offense Charged. Columns 15, 16, 17 

Three columns are devoted to the coding of the offense charged. Here again 
the code will be so organized that the first column (15) will give the large 
general distribution of offenses, the second column (16) will give sub-groupings 
of the main classifications, and the third column (17) will identify specific 
statutory violations. 
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Column 15 


0—Homicide 

1— Robbery 

2— Assault 

3— Burglary 

4— Theft or larceny and fraud 

5— Forgery 

6— Sex offenses 

7— Narcotics and liquor offenses 

8— Weapons 

9— Traffic 

x—Miscellaneous offenses 

By taking columns 15 and 16 together, subdivisions of the main offense 
groupings may be determined. Thus homicide is divided into murder and 
manslaughter. The following illustrates the divisions used in the theft 
and sex offenses. 

Columns 15, 16 

00—Murder 
01—Manslaughter 

40—Grand theft 

42— Auto theft 

43— Embezzlement 

44— Receiving stolen property 

45— Frauds 

60—Rape 

62— Prostitution and vice 

63— Other sex offenses 

The addition of column 17 allows the identification of the specific charges. 

The following shows how specific robbery and rape offenses may be identi¬ 
fied by this means. 

Columns 15, 16, 17 

101— Robbery, first degree 

102— Robbery, second degree 

103— Assault with intend to rob 

104— Attempted robbery 

601— Rape (statutory) 

602— Rape (forcible) 

603— Assault with intent to rape 

604— Attempted rape 

From such a code, only one sorting or two for a few offences is necessary 
to classify the punch cards as to offense charged, and yet if at any time the 
cases of any particular statutory violation are wanted, they can quickly be 
selected. 

The principle of determining what offense will be coded, where several 
offenses are charged against a defendant, is based upon the relative punishment 
provided by law for each offense. The most serious offense, as determined by 
the statutory punishment, is coded as the offense charged.* 


Item 8. Counts. Column 18 

The actual number of counts are coded with the exception that if there are 
more than nine counts the value X will be coded. 

♦ See Uniform Rules of Counting set out in Judicial Criminal Statistics, Johns Hopkins 
Institute of Law, op. cit. p. 10-11. 
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Item 9. Pleas. Column 19 


In this column are coded the combination of pleas that may have been 
entered in the case. 

0 No plea 

1 Plea of not guilty on arraignment 

2 Plea of guilty to the offense charged on arraignment 

3 Plea of guilty to a lesser felony on arraignment 

4 Plea of guilty to a misdemeanor on arraignment 

5 Plea of not guilty on arraignment, changed to guilty of offense charged 

6 Plea of not guilty on arraignment, changed to guilty of lesser felony 

7 Plea of not guilty on arraignment, changed to guilty of misdemeanor 

8 Plea of guilty on arraignment changed to not guilty 

From this code three main classes of pleas can quickly be distinguished. 
The defendants who plead only not guilty, those who plead guilty on arraign¬ 
ment, and those who changed their original plea of not guilty to guilty subse¬ 
quent to arraignment. 

Item 10. Insane plea. Column 20 

This information is desirable in any attempt to find the extent of the use of 
a plea of insanity and what happens in the cases in which it is used. 

0 No insanity plea 

1 Plea of insanity only 

2 Plea of insanity and not guilty 

3 Plea of insanity and guilty 


Item II. Disposition. Column 21 

The disposition is one of the controlling factors in any study of criminal 
justice. The chief point of interest is invariably the final outcome of court 
action in criminal cases. It is a principle of coding that one should always be 
able to determine his major or controlling classifications at any time in a single 
sorting. The three major items in criminal court statistics are the charge, the 
disposition, and the punishment. Thus general dispositions are confined to one 
column. Particular details can be determined from further analysis of other 
items on the card. 

0 Pleaded guilty on arraignment 

1 Changed plea to guilty 

2 Found guilty by jury 

3 Found guilty by court 

4 Acquitted by jury 

5 Acquitted by court 

6 Found insane by jury 

7 Found insane by court 

8 Dismissed 

9 Off calendar 

x Other disposition 

Item 12. Dismissal. Column 22 

When the disposition is a dismissal, much more specific knowledge is required 
as to what point in the trial process of a criminal case the dismissal occurred. 

0 All counts dismissed before trial, no plea 

1 All counts dismissed before trial, pleaded not guilty 
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4 All counts dismissed after trial, jury disagreement 

5 All counts dismissed after trial, jury mistrial 

6 All counts dismissed after trial, jury conviction 

7 All counts dismissed after trial, court conviction 

8 Convicted or acquitted on some counts, others dismissed 

9 Pleaded guilty to some counts, others dismissed 

No information was obtained as to the cause of dismissal. Such information 
is important and in an official system should be required. Another column 
could then be devoted to the reasons for dismissal. 


Item 13. Trials. Column 23, 24 


Column 23 is used to code information concerning the first trial, and column 
24, information on the second and subsequent trials. 


Column 23 

x No trial 

0 Convicted or acquitted by jury 

1 Convicted by jury but new trial granted 

2 Convicted by jury, amended plea allowed 

3 Jury disagreement 

4 Jury mistrial 

5 Convicted or acquitted by court 

6 Convicted by court, new trial granted 

7 Convicted by court, amended plea 

allowed 


Column 24 
x No second trial 
0 Convicted or acquitted by jury: 
second trial 

1 Jury disagreement: second trial 

2 Jury mistrial: second trial 

3 Convicted or acquitted by court: 

second trial 

7 Second trial jury disagreement: 

3rd conviction or acquittal 

8 Second trial jury disagreement: 

3rd disagreement 


No facts concerning motions for new trial were obtained in the information 
secured for this experiment, but such information should be furnished and coded 
under a regularly installed system of reporting criminal cases. 


Item 14. Other dispositions. Column 25 

This column is devoted to giving the detail of those miscellaneous and in¬ 
frequent types of disposition which have been coded “other disposition.” Only 
three types of other dispositions were found in the cases studied. 

1. Transferred to juvenile court 

2. Eeleased on habeas corpus 

3. Jumped bail—bail forfeited 


Item 15. Convicted offense. Columns 26, 27, 28 

The code values for convicted offense are identical with those for offense 
charged. 


Item 16. Type of Conviction. Column 29 

This column is introduced as a one-sort control on the convictions for lesser 
offenses. 

0 No conviction 

1 Convicted of felony offense charged 

2 Convicted of lesser felony offense 

3 Convicted of misdemeanor 
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Item 17. Nature of sentence. Column 30 


The attempt is made here to code all convictions according to the main 
punishment groups that are desired for the study. 

x No sentence 
0 Death 

1 San Quentin 

2 Folsom 

3 Probation and jail 

4 Probation only 

5 Jail or jail and fine 

6 Pine only 

7 Juvenile institution 

8 Sentence suspended 

9 Other sentence (This value was not needed or used in the cases of 

the experimental study) 


Item 18. Probation term or total sentence. Columns 31, 32, 33 

The values coded here are the total terms of probation stated in actual months. 

012 one year 
060 five years 
120 ten years 
etc. 


Item 19. Jail sentence. Columns 34, 35 

The jail sentence is coded in terms of months. 

01 one month 
04 four months 
etc. 

Values of less than a month can be coded with an X in the first column and 
the second column in values of tenths of months, if desired. 


Itlem 20. And/or fine. Column 36 

The determination whether a fine has been imposed and whether it is imposed 
in relation to some other sentence can be made from Column 36. 

0 No fine 

1 Pine only 

2 Some other sentence and fine 

3 Some other sentence or fine 


Item 21. Amount of fine. Columns 37, 38, 39, 40 

Actual amount of fine imposed is punched in these columns (Dollars only). 


Item 22. Appeals. Column 41 

This column was provided to record the information on those eases in which 
an appeal was taken, but as complete information was not always available at 
the time of the reporting of the final disposition, this column was not used. It 
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is possible that complete information on criminal appeals could be reported or 
obtained from appellate court sources and this additional information be in¬ 
cluded on the Hollerith punch card under an official system. 


Item 23 to 26 incl. Time Interval Coding. Columns 42 to 49 inch 

Each time interval has been assigned two columns on the punch card. Where 
the interval is relatively small as between “filing” and “arraignment” the 
actual elapsed days are punched. For the other intervals the punched figures 
represent tenths of months and thirds of months respectively. 


Work Sheets 

Following is a sample of a work sheet used to record the information as run 
off on the counting-sorter. 


Work Sheet No. 7 
County: Alameda 
Year: 1931-32 


CALIFORNIA JUDICIAL CRIMINAL STATISTICS 
Tabulation 



X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 




£ 













*3 

1? 




<L> 

c 

o> 

C 


s 


Offense 

Charged 

Other 

Disposition 

Plead 

Guilty 

Plead Not- 
Guilty to G 

Found Guil 
by Jury 

Found Guil 
by Court 

Acquitted 
by Jury 

Acquitted 
by Court 

Found Insa 
by Jury 

Found Tnsa 
by Court 

Dismissed 

*o 

d 

a> 

*3 

O 

o 

Total 


Column 15 


0 

Homicide 


11 

5 

2 

2 




1 

1 

Robbery 

31 

21 

14 

6 

3 

2 



9 

2 

Assault 


9 

6 

1 


1 

2 


2 

3 

Burglary 

53 

16 

11 

1 

4 

3 

2 


7 

4 

Theft 

43 

23 

11 

9 

3 

2 



4 

5 

Forgery 

79 

20 

2 

2 





7 

6 

Sex 

6 

7 

10 

8 

2 

2 



2 

7 

Narcotics 

22 

7 


1 


1 



3 

7 

Liquor 


3 


1 

1 

1 




8 

Weapons 

1 


2 







9 

Traffic 

11 

13 

1 

3 


1 



2 

X 

Miscellaneous 

Felonies 

5 


3 

2 

5 




i 


Total 0 

251 

130 

65 

36 

20 

13 

4 

0 

38 


Fig. 193 


21 

86 

21 

97 

95 

1 111 
37 
34 
6 
3 
31 

16 


1 558 


Work Sheet 


The filling out of this particular work sheet required, first, that the Alameda 
County eases be sorted, if they had not been already filed separately. This 
group of 558 cases were then sorted on Column 15 to separate offense groups. 
The sorter does this in about 90 seconds. From the work sheet it will he ob¬ 
served that the No. 7 group of Column 15 will have to be re-sorted on Column 
16 to divide the narcotics and liquor cases. This re-sorting of 40 cards takes 
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about seven seconds. The twelve groups of offense classifications are thereupon 
laid aside separately. First, the homicide group of 21 cases are sorted on column 
21, for disposition, the results noted down in the proper spaces of the work 
sheet, the machine cleared, and each offense group sorted on the disposition 
column. Within ten minutes the work sheet is completely filled out and the 
total number of 558 eases can be run on the disposition column if a check of 
the totals is wanted. 


Preparation of Summary Results 

The work sheets furnish the accurate and complete information in tabulated 
form. If certain summaries are to be published or certain studies are made, 
the specific tables giving these summaries are made up from this work sheet. 

The Bureau of Public Administration is publishing the results of its one 
year’s sampling of the criminal cases for the three most populous counties of 
the state. From the work sheets the tables to be published are made up, and 
averages and percentages computed by means of calculating machines. 

Following is a table from the manuscript of the report being prepared which 
show how the material given in the worksheet (Fig. 193) is used for final sum¬ 
mary or publication. Fig. 194 shows the total number of cases disposed of in 
each of the three counties studied, distributed according to the general dispo¬ 
sition made. 

DISPOSITION OP FELONY CASES IN THE SUPERIOR. COURTS OP ALAMADA, 
LOS ANGELES, AND SAN FRANCISCO COUNTIES, 1931-32 



Alameda 

County 

Los Angeles County San Francisco County 


Number 

Per Cent 

Number 

Per Cent 

Number 

Per Cent 

Total Cases Disposed of.... 

558 

100.0 

4940 

100.0 

1309 

100.0 

Total Eliminations. 

76 

13.6 

1368 

35.7 

405 

33.5 

Acquitted by .iury. 

24 

4.3 

226 

4.6 

122 

10.1 

Acauitted by court. 

13 

2.3 

266 

5.4 

14 

1.2 

Dismissed. 

38 

6.8 

650 

13.2 

251 

20.7 

Off Calendar. 

1 

.2 

126 

2.5 

18 

1.5 

Total Convictions. 

Plead Guilty on arrign- 

483 

86.4 

3673 

74.3 

804 

66.5 

ment . 

251 

45.0 

1388 

28.1 

312 

25.8 

Changed plea to guilty.. 

130 

23.3 

1425 

28.8 

328 

27.1 

Pound guilty by jury. . . . 

65 

11.6 

517 

10.5 

152 

12.6 

Found guilty by court. . . . 

36 

6.5 

Pig. 194 

342 

6.9 

12 

1.0 


Conclusion 

The punch card method of tabulation has opened up for the first time possi¬ 
bilities of obtaining accurate and detailed knowledge of the diverse activities 
of the many agencies of criminal administration. Without such a method it 
would be impossible tcflearn what actually happens to large masses of criminal 
cases which pass through the devious paths of criminal prosecution, from arrest 
to punishment. 
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Not until such methods of analysis were available was it possible to conduct 
the intensive studies of criminal administration carried on by the various crime 
surveys. The Cleveland survey* the Illinois survey** and the intensive analyses 
carried on in the Oregon study of the administration of criminal justice,*** have 
all depended on punch card equipment for the tabulations made. In fact, it is 
doubtful if the extensive material presented by these studies could have been 
made available without the use of punch card machinery. 

There is today a tendency to do a great deal of reforming of our criminal 
law and procedure. Such efforts at reformation are based on the assumption that 
the weaknesses in our criminal administration are largely due to archaic pro¬ 
cedures and obsolete legal structures, and that the modernization of these ele¬ 
ments of justice will bring about the desired improvement. There is undoubtedly 
something to be said for improving our procedure of criminal administration, 
yet procedural reforms have been introduced at almost every state legislative 
session for many years, but the criticism of the criminal courts still goes on. 

There are two phases in the attempts to improve criminal administration by 
means of procedural changes, which are not properly taken into account. In 
the first place, if there is no reliable measurement of the activities and results 
of the criminal procedure, how can those innovations which improve adminis¬ 
tration be identified and retained, while those changes which hinder are singled 
out and abandoned. Secondly, the part played by “procedure” in our criminal 
administration is not the dominant part. Rules of procedure, and even sub¬ 
stantive criminal law itself are no more than instruments in the hands of public 
officials by which they try to accomplish a certain end or objective, namely the 
insurance of the reasonable safety and welfare of the members of the com¬ 
munity. Laws are not self-enforcing and rules are not self-guiding. In other 
words, the administrative activity of those human beings who as public officials 
have the responsibility of administering criminal law and its enforcement is of 
greater importance in our system of justice than anything else. Police, sheriffs, 
prosecutors, judges, wardens, all within their functional areas, exercise more dis¬ 
cretion than the ordinary citizen realizes. Such a state of affairs is necessary 
for any degree of efficient administration. However, it is neither desirable 
nor proper to place blind faith in those who administer a position of public 
trust; there must be some means of accounting publicly for the work of these 
officials and the manner in which they have accomplished it. Such a means of 
accounting is the prime object of systems of criminal statistics, and in the field 
of judicial criminal statistics, it is possible, as has already been outlined, to 
continually provide for detailed knowledge of what occurs in the work carried 
on by the public prosecutors and criminal judges. No truly responsible official 
can fail to welcome a detailed analysis of his administration, and no irresponsible 
official should be in a position to avoid a strict accounting for his activities. 

Mass criminal statistics, such as developed by the use of the punch card 
method, do not furnish all information desired on crime and criminals. In fact, 

* Criminal Justice in Cleveland, edited by Roscoe Pound and Felix Frankfurter, 1922, The 
Cleveland Foundation, 729p. 

♦* The Illinois Crime Survey, 1929, Ill. Association for Criminal Justice, 1108p. 

*** The Administration of Criminal Justice in Oregon. Report No. I on 1771 Felony Cases In 
Multnomah County. Wayne L. Morse and Ronald H. Beattie, Univ. of Oregon Press. 1932. 227pp. 
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they tell nothing about the individual case or the defendant; but such material 
does furnish the summary of what has happened as a whole, and by analysis 
of the various steps and factors in the whole process, does reveal what trends 
and tendencies are to be found in the administrative activity. 

The fact that punch cards can be retained and filed as permanent records 
is of particular value in making possible material for time analyses. The ac¬ 
cumulation of detailed knowledge on all criminal cases in a state or jurisdiction 
over a ten year period will make possible a most revealing study of fluctuations 
and changes of both the effectiveness of certain procedural rules and, more par¬ 
ticularly, of administrative practices. 

The need for accurate and comprehensive knowledge of the various activities 
of government grows more acute with every extension of government functions. 
The punch card method of preparing information on a unit basis so that the 
most detailed analyses can be made of this information is an essential feature 
of the modern trend of government expansion. That such expansion must take 
place is beyond a doubt, but it is fortunate that methods of accounting have 
been and are being developed whereby the people can be reliably informed of 
the activities carried on by administrative officials and be in a position to ade¬ 
quately judge the performance of these responsible public servants. 
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Applications in Agricultural Research 
CHAPTER I 
Animal and Plant Breeding 

By 

A. B. Brandt 

Assistant Research Professor, Statistical Laboratory, Iowa State College 

Animal Breeding * 

TN animal breeding it is important, in mapping or planning systems of breed- 
ing for the present, to know how the established breeds of livestock were 
developed or produced. The systems used can be deduced from the records 
which appear in the herd books of the various breeds. In the studies of 
these herd book records three questions commonly asked are: first, what amount 
of inbreeding was practiced; second, to what degree is the breed as a whole 
related to the foundation animals or more recent animals which have become 
important in the breed; and third, has the breed developed as a rather homo¬ 
geneous unit or has it perhaps been split into many families more or less 
different from each other, largely non-interbreeding and sometimes competing 
with each other. 

It is obvious that in a large breed it would be impractical if not impossible 
to study the inbreeding and relationships of every animal recorded. To obviate 
this difficulty a method of sampling has been devised.** In this plan a certain 
number of males and females are selected at random out of the herd book 
in which are registered those animals born at the dates for which the breeding 
system is being studied. For instance, in a herd book study of the Holstein 
breed conducted at Iowa State College under the direction of Dr. Jay L. Lush, 
a sample of the breed was studied at each ten year interval beginning with 
1890, 200 males and 200 females being selected from the herd books for each 
such 10-year interval. 

The number and sex of each individual selected and the numbers of the 
sire and dam are recorded. A line of ancestry from the sire and a line of 
ancestry from the dam are then traced back at random to the foundation 
animals. The sex of the animal to be selected in each generation is deter¬ 
mined by flipping a coin. In Figure 195, a typical two line pedigree is given. 
The number and sex of the subject or individual are given in the upper left- 
hand corner. The other headings are self explanatory. 

The material on these pedigree sheets is next punched on cards. Specially 
printed cards are not needed so the regular IBM 5080 form is used. One 

* This part of the chapter written jointly by A. E. Brandt and Marjorie McCrabb, Animal 
Breeding Subsection, Animal Husbandry Department, Iowa State College. 

** For description of the method and of the genetic principles involved, see Wright, S. 1925, 
J. Agr. Res. 31, No. 4:377-383. 
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card is punched for each ancestor on a pedigree. The automatic duplicating 
punch is especially useful in this operation for a master card bearing the 
number and sex of the subject and the line or family of the pedigree can 
be used for all the ancestors in one line, leaving the number and sex of the 
ancestor and the date or year of birth of the last ancestor in the line to be 
punched. Since only a portion of a card is used in each study, it may be 
used in more than one such study. 

After the cards are all punched they are sorted first on subject then on 
ancestor and then listed. A sample section of the tabulator tape is shown 
in Figure 196. In the first column appear the numbers of the various an¬ 
cestors; in the second, the sex of the ancestors; in the third, the family or 
line, that is, whether an ancestor of sire or dam; in the fourth, the sex of the 
subject; in the fifth the number of the subject; in the sixth, the year of birth 
which appears only when the ancestor in question was the most remote an¬ 
cestor in one line of the subject’s pedigree; and in the seventh, the number 
of times a given ancestor appears in the lines of animals chosen at random 
from the breed. 

In calculating the relationship of an animal to the breed, the ratio of the 
number of times an animal appears to the total number of times it might 
have appeared must be determined. This quantity is calculated only for 
foundation animals or animals which through breeding practice, either con¬ 
sciously or otherwise, have been brought into pedigrees often. One special 
advantage of the machines is in determining quickly which ancestors have 
thus been important. If an, animal appears 16 or more times in two or more 
samples or if it appears 20 or more times in a single sample, a sample 
being the group of animals selected from a single book, Dr. Lush and his 
workers consider it to be important, although this depends on the size of 
the sample and on peculiarities of the breed being studied. 

In calculating the average percentage of inbreeding for a breed, the ani¬ 
mals which appear on both sides of a pedigree are found and their inbreed¬ 
ing coefficient determined from their pedigrees. These animals are easily 
found from the tabulator tape. Thus, in Figure 196, ancestor number 1271 
appears twice in the pedigree of subject number 292427, once in each line 
as shown by the 1 and 0 in the third column. 

The chief advantages of tabulating machines in a study of this kind lie 
in the speed and accuracy with which the data are handled and the concise 
form in which they are presented with all the information concerning each 
ancestor in one place fully listed and counted. Such an arrangement makes 
it possible to select the ties and to find the really important ancestors without 
the great fatigue and large chance of error which accompany, what might be 
termed, long-hand searching through pedigrees. In the latter method only 
a few animals can be classed as foundation or important animals and they 
must be chosen rather arbitrarily while the present method not only fur¬ 
nishes the information on all ancestors which would enable one to determine 
their degree of relationship but also furnishes the information by which they 
may be picked out. 
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Fig. 195 


A typical two line pedigree 


Ancestor 

Sex 

Family 

Sex 

Subject 

Year 

No. 

990 

1 

0 

1 

296377 



990 

1 

0 

0 

543822 



990 

1 

0 

0 

555058 


3 

1019 

0 

1 

1 

293784 

84 

1 

1110 

0 

1 

1 

291970 


1 

1271 

1 

1 

1 

288214 



1271 

1 

0 

1 

288306 



1271 

1 

1 

1 

288366 



1271 

1 

1 

1 

289047 



1271 

1 

1 

1 

289323 



1271 

1 

1 

1 

289445 



1271 

1 

0 

1 

290599 



1271 

1 

1 

1 

290794 



1271 

1 

1 

1 

/"292427 



1271 

1 

0 

1 

S292427 



1271 

1 

1 

1 

292905 



1271 

1 

0 

1 
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1271 

1 

1 

1 

294028 



1271 

1 

0 

1 

296011 



1271 

1 

1 

1 

296255 



1271 

1 

0 

0 

539428 



1271 

1 

0 

0 

541302 



1271 

1 

1 

0 

542370 



1271 

1 

1 

0 

543822 



1271 

1 

1 

0 

548700 



12 71 

1 

0 

0 

551927 



1271 

1 

0 

0 

552748 



12 71 

1 

1 

0 

553843 



12 71 

1 

1 

0 

554384 



1271 

1 

0 

0 

55629C 



1271 

1 

0 

0 

557767 



1271 

1 

1 

0 

561638 



1271 

1 

0 

0 

562688 


28 


Fig. 196 

Section of tabulator tape 
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Corn Breeding 

TN modern corn breeding, the development of superior crossbreds or hybrids 

from inbred strains of corn holds a very important place. In this work a 
very large number of inbreds are produced and all combinations of each with 
every other must be tested in order to find the best hybrids. In this way many 
inbreds are discarded and only a relatively small number of the combinations 
of those retained are recommended for production. It is not s uffi cient to com¬ 
pare the inbreds because they themselves are of no commercial value on account 
of very low yield per acre and because no one has as yet been able to predict 
from the qualities of an inbred what its effect in a cross will be. This is due 
chiefly, perhaps, to the phenomenon know as hybrid vigor. It has been recog¬ 
nized for a long time that crosses between different strains, varieties or races of 
plants and animals frequently produce progeny that are superior to or more 
vigorous than the parents. This manifestation following out-crossing or hy¬ 
bridizing has been called hybrid vigor or heterosis. 

It becomes necessary, then, in the production of superior hybrids to test 
them under field conditions for yield, time of maturity, stiffness of stalks, plac¬ 
ing of ears on stalk, resistance to smut and various other characteristics. 
Quite obviously, these hybrids will vary in these respects but it is necessary to 
attempt to answer the question as to whether these differences can be assumed 
to be chance ones and therefore not predictable or whether they are due to the 
efficacy of a cross and predictable. To answer this question it is necessary to 
replicate each cross several times so a comparison of replicates may be used as a 
standard with which to compare the observed differences. 

If the various replications of the hybrids to be tested should all be planted 
with the crosses in the same position in each block, it would be difficult to 
decide whether or not a difference were large enough to be significant, for dif¬ 
ferences in the crosses might be confused with differences in fertility or other 
favorable or unfavorable characteristics of the experimental plot. Thus, it would 
be possible for an inferior cross, if systematically arranged in each replication, 
to occupy a position more favorable than that occupied by a much better cross, 
if tested under equally favorable conditions, and thus be adjudged the better 
cross of the two. This difficulty is obviated by arranging the planting wholly 
at random. 

In this phase of corn breeding, then, the problem of planting the seed, tak¬ 
ing observations on the resulting crop, and the subsequent analysis of the differ¬ 
ences observed becomes very large indeed if more than a few crosses are to be 
tested. Dr. M. T. Jenkins who is in charge of corn breeding work in the United 
States Department of Agriculture has devised a system with punched cards 
which simplifies this problem considerably. 

The first step in his system is to stamp a code number representing the kind 
of corn and a pedigree number on a number of small manila envelopes, Fig. 
197, and to put the required amount of seed in each. This is done for each kind 
of corn to be tested. The number of envelopes for each kind of corn must be 
the same as the number of replications. For block one, then, one envelope of 
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seed of each kind of corn is placed in a churn. The churn is whirled, the lid 
opened and an envelope removed and stamped with the row number. A card 
is then punched for this envelope and the envelope is placed in a box which 
later is carried to the field at planting time thus insuring that the planting 
is done according to plans of the investigator. When all the envelopes for a 
block have been removed from the churn, a card punched for each and the 
envelopes and cards filed properly, envelopes for another block are put in the 
churn and the process repeated. 

After the cards arq all punched they are taken to the tabulator and the 
pages for the field note book made up, Fig. 198. These numbers were printed 
directly by the printing tabulator. The penciled numbers are the data collected 
during the season. After all the data for the season have been collected, the 
punching of the cards is finished and the final analysis of the results of the 
experiment made. 

The chief points of superiority of this system are speed and accuracy. When 
the pages for the field note book are prepared any errors such as leaving out a 
kind of corn in a block or putting more than one envelope for any one kind 
of corn in a block are found and the necessary corrections made before the 
planting is done. Material for the various tables and statistical tests are quickly 
secured from the cards by means of the sorting and tabulating machines. 
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PART VIII 


Applications in Agricultural Research 

CHAPTER II 

Agricultural Economics in General 

By 

Merton S. Parsons 

Assistant in Agricultural Prices and Statistics, Cornell University 

H OLLERITH punched-card equipment has been used for several years by the 
Department of Agricultural Economies at Cornell University. The first 
installation, made in March 1926, consisted of one 45-column hand key punch, 
one key verifier, one gang punch, one sorting machine, and one five-counter 
tabulating machine. The present equipment consists of two sorters, two five- 
counter tabulators, two ordinary electric punches, two duplicating punches, 
and two verifiers, all of which are designed for 80-column cards. This equip¬ 
ment is used entirely for research work. 

The general applications of punched-card tabulating equipment in Agri¬ 
cultural Economics research are similar to those in other fields. Its adaptation 
to handling large amounts of data rapidly and accurately, and the ease and 
flexibility by which relationships may be studied are probably the greatest 
advantages of the equipment in this field. 

Farm Management Research 

In Farm Management research, tabulating equipment may be advantageously 
employed in many ways, but is especially useful in grouping or classifying 
data to study the relationships between certain factors. For example, it is 
frequently desired to determine, from a group of farm records, the important 
factors affecting farm incomes. If the number of records is sufficiently large, 
the work is greatly facilitated by the use of punched-card equipment. Through 
the process of sorting, sub-sorting, and tabulating, it is possible to group and 
isolate different elements and to study their effects on income. 

A typical example of the application of the punched-card method to research 
of this type is illustrated in a general farm-management study made in Liv¬ 
ingston County, N. Y.* Data concerning farms in the same area for three 
different periods (1908, 1918, and 1928) were brought together on six different 
80-column cards. One of the cards is shown in Figure 199. By the use of 

* Warren, S. W., An Economic Study of Agriculture in Northern Livingston County, New 
York, Cornell University Agricultural Experiment Station, Bulletin 589. May 1932. 
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Fig. 199 

Card Used in Farm Management Study in Livingston County, X. T. 


this card, it is possible to study a number of important relationships. There 
are included on it measures of size of business, efficiency of operation, pro¬ 
duction rates, and other factors which influence farm income. If it is desired 
to study the relation of income to size of business, it is possible to sort the 
cards by such measures as work units, crop acres, or number of cows, and to 
tabulate the income for each group. 


LNQOrZ 

INCOME 



Relation of size of business to labor 

INCOME WITH THE PRODUCTION INDEX HIGH 
The linear regression line understates 
the importance of size of business when 
the rate of production is high. The joint 
regression line and the cross tabulation 
state the relationship correctly. 

Fig. 200 


If more refined analysis is needed, the 
sorting process may be carried one step 
further, to sub-sorting or double-sorting. 
By this method, one or more factors 
may be held constant while the effect of 
some other factor is being studied. Thus, 
it is possible by sub-sorting to determine 
the effect on income of labor efficiency 
at different levels of production rates. 

The Livingston County study also 
illustrates an important application of 
tabulating machines in the proper in¬ 
terpretation of economic relationships.* 
Cross-tabulation or correlation tables, 
which may be obtained by double-sort¬ 
ing of punched-card data, tend to show 
situations correctly regardless of wheth¬ 
er the relationships are linear, curvilin¬ 
ear, or joint. Mathematical correlation 
analysis, unless used very carefully, is 
easily misinterpreted. (See Fig. 200.) 
In this instance, linear correlation analy¬ 
sis gave an incorrect impression, whereas 


* Warren. S. W., Multiple Correlation Analysis as Applied to Farm-Management Research, 
Cornell University Agricultural Experiment Station, Memoir 141. May 1932. 
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Card Used in Price-Quality Study of Eggs 

factors were measured and, together with price and other data, were punched on 
cards and analyzed by machine methods. Nearly 3000 records were included. 
Figure 203 shows one of the cards used in this study, while Figure 204 shows a 
chart taken from the publication and gives an indication of the results obtained. 

In this study of price-quality relations of eggs the application of tabulating 
equipment to multiple correlation analysis is illustrated. The occasion for this 

type of analysis is indicated by the 
following quotation from the bulletin* 
(page 34) : 

“From the foregoing analysis, which 
has been based on cross-tabulation, it is 
apparent that consumer preferences for 
various quality factors are clearly re¬ 
flected in the prices which are paid for 
eggs. The most important of these ap¬ 
pear to be the size of the eggs, shell 
color, cleanness of the shells, the depth 
of air cell, and the interior condition of 
the eggs. 

‘ ‘ In the cross-tabulation analysis, 
varying degrees of interrelationships 
were found to exist between these fac¬ 
tors. The influence of these interrelation¬ 
ships on the premium or discount asso¬ 
ciated with a particular quality factor 
was eliminated by sorting and sub-sort¬ 
ing the data. In order to express the 
various relationships in more precise 
terms, and also to obtain a measure of 

• Gans A. R., Relation of Quality to the Retail Price of Eggs in New York City, Cornell 
University Agricultural Experiment Station, Bulletin 597. April 1934. 
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Relation op the composite index op 

INTERIOR CONDITION TO THE RETAIL 
PRICE OP EGGS IN METROPOLITAN NEW 
YORK, 1930-31 AND 1932 
When the composite index of interior 
condition was 50 per cent below average, 
the price was 24 per cent below average 
in 1930-31, compared with 26 per cent 
below in 1932. 

Fig. 204 

Chart from Results of Price-Quality 
Study of Eggs 
































the combined influence of the several factors on price, multiple correlations 
were computed.” 

The use of tabulating equipment in cases of this kind is to obtain certain 
totals or extensions which are necessary in the mathematical process of multiple 
correlation. With the tabulating machine it is usually possible, by a process 
of cumulative addition, to obtain these totals more quickly than by other methods. 

Marketing Research 

Marketing research frequently involves operations in which the punched- 
card method of analysis is of advantage. This is well illustrated by an investi¬ 
gation of the marketing of eastern grapes. For one section of the study,* 
which concerned wholesale marketing, it was felt that ordinary methods of 
tabulation were satisfactory. In the second section,** however, which dealt 



with retail distribution and consumer demand, it was decided, because of the 
nature and volume of the information involved, to use machine methods of 
tabulation. 

This section required the analysis of about 2200 records of consumers’ 
preferences and practices regarding eastern grapes. These records not only 
included data on types and amounts of grapes used and prices paid, but also 
information concerning nationality, income, occupation, size of family, and 
opinions of the consumers. For many of these, considerable detail was given; 
for instance, in the consideration of amounts of grapes used, the data were 
divided into seven different units of sale. 

In the study of these consumer records, four different cards were used, one 
of which is shown in Figure 205. The procedure in analysis was largely to 
determine the use of grapes in relation to such factors as nationality, income, 

♦ Rasmussen, M. P., Some Facts Concerning the Marketing of Eastern Grapes, Part 1. Com¬ 
petitive, Distribution, and Wholesale Marketing, Cornell University Agricultural Experiment Station, 
Bulletin 275. December, 1933. 

** Rasmussen, M. P., Some Facts Concerning the Marketing of Eastern Grapes, Part II. Retail 
Distribution and Consumer Demand, Cornell University Agricultural Experiment Station, Bulletin 
276. December 1933. 
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Relation of size of family to pee capita tjse 

OF EASTERN GEAPES FOE JELLY IN PHILADEL¬ 
PHIA, CINCINNATI, AND CHICAGO 
Per capita use declined with each increase 
in number of individuals per family. 

Pig. 206 

Chart from Results of Marketing Study of 
Eastern Grapes. (See text, page 361) 

occupation and size of family. It was found, for instance, that the per capita 
use of grapes declined steadily with increase in the number of persons per 
family. Figure 206, taken from the bulletin, shows this situation graphically. 

In the analysis of these data a fairly common, yet interesting, problem 
arose. It was found that the number of related factors was so large that it 
was impossible to punch them on one card. The solution used was to punch 
certain key factors on each of four cards. This made it possible to punch all 
of the related factors on four cards so that all desired relationships could be 
studied. 

Land Utilization 

Land utilization research as conducted in New York State involves the 
classification of land according to present and probable future uses.* Part 
of the procedure in this work has been to tabulate considerable data concerning 
soils, crops, roads, and the like, for the different classes of land. The original 
data ordinarily used in this work shows the number of acres of each crop or 
type of land-use and the number of acres of each soil type in every 10-acre 
section of land of the area surveyed. In order to find the type of land-use 
for each soil type, it is necessary to cross-multiply the land-use and soil-type 
data. This has been done both by ordinary methods and by punched-card, 
machine methods. In the latter case, the procedure is identical with that used 
to calculate the extensions for multiple correlation analysis.** The adaptation 
of the punched-card method to this phase of Land Utilization research was 
summarized by Dr. Lewis as follows* (page 35): 

“Whether to use the card method or the method shown in. 

depends on the time that each method requires and on the amount of infor¬ 
mation desired. It is not practical to determine the effect of elevation, slope, 
and class of road, on the use of land and the use of each soil type, except by 
card method. 

“More time is saved by the card method where the land-class areas are 
small or where a higher percentage of the 10-acre squares have either two or 
more soil types or two or more uses of land. Where a 10-acre square has 
only one use or has only one soil type, the data on use of land can be tabu¬ 
lated by soil types.without any multiplication.” 

Another application of Hollerith equipment in Land Utilization research 

* Lewis, A. B., Methods Used in an Economic Study of Land Utilization in Tompkins County, 
New York, and in Other Similar Studies in New York, Cornell University Agricultural Experiment 
Station, Memoir 160. April 1934. 

** Editor's Note : Thel procedure above referred to is described in considerable detail in Dr. 
Brandt’s paper on “Uses of the Progressive Digit Method,” pp. 423 to 436 of this book. 
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is in connection with the tabulation of road types and telephone and electricity 
service in rural areas. Regarding this we quote again from Dr. Lewis* (page 
56): 

“In Chemung County, the number of buildings on each class of road and 

each class of electric line was tabulated by the use of Hollerith cards. 

A card was punched for each road-and-electric-line unit. This showed the 
land class, the road class, the electric-line class, the mileage, and the number 
of farms and rural residences of different classes, on the unit of road. Elec¬ 
tricity and telephone service were recorded.” 

Miscellaneous Applications 

In addition to the above applications, tabulating equipment has been used 
at Cornell University for research in many other special fields of Agricultural 
Economics. In studies of taxation, part-time farming, agricultural credit, road¬ 
side marketing, cost of production, and other subjects it has been found ad¬ 
vantageous to use the punched-card method. In all of these cases, the volume 
of data and the relationships to be studied were such that ordinary methods 
of tabulation would have been less efficient. It is felt that the machine method 
has a definite place in Agricultural Economics research. 

*Cit. op. 
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PART VIII 


Applications in Agricultural Research 

CHAPTER III 

Farm Management 

By 

Frank Joyce 

Assistant Farm Management Specialist 
Agricultural Extension Division, University of Tennessee 

"ST is only recently that the punched card method has been applied to farm 
management studies in Tennessee. The results we expect to obtain are well 
illustrated by Mr. Parsons in the preceding chapter. However, it may not be 
amiss to discuss briefly the type of farm management which we do, the purpose 
we have in mind, and the methods we follow. 

The first step in our farm management work is to get county agents in the 
different counties to interest representative farms in keeping a complete account 
of the current year’s farm business. At different times during the year such 
farmers are assisted by the county agent and the farm management department 
in keeping these records in a uniform, systematic way. At the end of the 
current year, these farm records are gone over carefully at the farm or in the 
county agent’s office to see that they are prepared so as to give the desired 
information. After checking, the contents of the farm account books are 
summarized and transferred to a summary, or office sheet which is taken to 
headquarters and used for all office and analysis work. The completed account 
book is returned to the farmer, in whose possession it remains. 

Briefly, such record contains all essential figures concerning the production 
and sale of crops; the production, purchase, and sale of livestock; all current 
farm expenses; depreciation and up-keep on buildings, fences and machinery; 
and also a beginning and ending inventory of all farm property and equipment 
and supplies. With this information, an income for each farm can be com¬ 
puted. There is always a great variation in the income made by different 
farms. To clearly bring home to the farmers and agents the reasons why 
certain farmers have made more money than others, the material taken from 
the farm account books is carefully analyzed in a number of different ways 
and a series of reports prepared. In addition to enabling the farmer to improve 
his individual status, the reports also form a background for the extension 
program for that county. Lastly, the information taken from these farm 
records assists specialists in related fields in the work which they conduct in 
the county through the medium of county and home demonstration agents. 
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Fig. 207 

Tabulating Card to which data from Office Summary Sheet are transcribed 


At the beginning of the current year, it was determined to make an attempt 
to expand farm management work in the state, both in the number of farm 
records kept and in the use of the information taken from such records. It 
was decided that more detailed data should he obtained from farmers than had 
been the practice in the past and that such information be incorporated into 
the extension program of the state to a greater degree than had previously 
been possible. Heretofore most of the calculating and analysis work had been 
done without the aid of calculating devices other than simple manually operated 
machines on which only adding could be done. We realized that if the farm 
management work was to be conducted on a large scale, some other method of 
handling the data would have to be found. 

One of the greatest problems connected with this type of work was caused 
by the fact that reports for farmers and county agents could not be sent out 
until late in the year. Even then the lack of facilities for handling the infor¬ 
mation did not allow the reports to be as comprehensive as they should have 
been. The calculating in the office had to be kept at a minimum for the 
simple reason that time and equipment were lacking. For example, a county 
agent, on short notice, might want certain information concerning the records 
kept in his county. With our previous system it was frequently impossible 
to meet this time limit, while sometimes the desired information was altogether 
unobtainable. 

With expansion in the farm management work, it was decided to get several 
calculating machines to be used in checking the office sheets on which the basic 
data are recorded and also to rent a set of Electric Tabulating Machines to do 
the tabulating necessary in preparing the material for use and for publication. 

A modified office sheet (Figs. 208 and 209) was printed, and it is our 
hope that no tabulations will be required other than those which can be done 
automatically by the International Tabulating Machines. This change in office 
procedure is saving much time and work in preparing the data for use by the 
Extension Service and farmers. A tabulating card (Fig. 207) was printed 


365 






















366 


Tig. 208 

Modified Office Summary of Farm Account Book (Front) 
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Fig. 209 

Modified Office Summary of Farm Account Book (Back) 




















































































on which the farm management data are punched. To simplify the pun chin g, 
the new office sheet has in the margin a place for listing all essential informa¬ 
tion. The headings on this margin correspond exactly to those on the tabulating 
cards. Incidentally, it will be necessary to use ten cards for each farm record 
in order to punch practically all the useful data. 

Cards are punched as fast as the sheets are sent to the office and checked, 
and as soon as all the records in a given county are completed, a summary 
for that county can be prepared in a short time by running the cards through 
the sorting and tabulating machines. By doing this, we can get the information 
back to the county agent and the farmer in a shorter time so that it can be 
put in use at the earliest possible date. 

By having this punched card equipment we can work out many more factors 
in the analysis of a farm that we have been able to do in the past. In the 
study of these farm management records nearly all of the factors are related 
to the income from the farm and in some cases factors are related to each other. 
By sorting the cards on com yield, for instance, and running them through 
the tabulating machine, the effect of different corn yields on income can be 
established. At the same time, the acres of com and the total production of 
corn can be tabulated along with the yields per acre and the income from the 
farm. A multiplicity of relations can be made with the tabulating machine 
and the work can be done in a minimum length of time. 

With this equipment we hope to devote the time formerly used for manual 
computation to the collection of the material in the different counties and to 
its preparation for publication. With its help we expect to make more calcu¬ 
lations and work out more relations than ever before, and do it in a shorter 
time and without causing interference with other important phases of our work. 
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PART VIII 


Applications in Agricultural Research 

CHAPTER IV 

Forestry 

By 

Philip R. Wheeler 

Assistant Forest Economist, Southern Forest Experiment Station, 

United States Department of Agriculture* 

HP HE uses of electric tabulating machines in forestry research have long 
been recognized. Many applications have been developed, and, as the de¬ 
mands for more comprehensive analyses of known facts and for additional 
detail are increasing, still further development may be looked for. 

A good example of how the punched card method may be applied to a 
particular problem is its use in connection with the Southern Forest Survey. 
This survey is organized to make a timber inventory of 70,000,000 acres a 
year. Reports are made on units varying from 4,000,000 to 11,000,000 acres. 
Each report must include: (1) area of land in forest and non-forest condi¬ 
tions; (2) stand tables showing the distribution of volumes among the several 
tree diameter classes; (3) estimates of board-foot and cubic-foot volumes; (4) 
estimates of turpentine-producing pine timber stands; (5) an estimate of growth 
to aid in the prediction of future yields; and (6) a statement of the magnitude 
of sampling errors. 

The problems imposed by these six major compilations and calculations 
are handled most effectively by the punched-card method. 

Area 

The sample plots from which the original data are obtained are established 
systematically so that each plot represents a sample of 800 acres. Land area 
calculations for breakdowns of any of the coded qualifying information (see 
following page) are all based on sorts of the master cards (See Fig. 210) 
punched for each plot. The counting sorter is best suited for this purpose be¬ 
cause only one sort is necessary to count the number of cards in each code in 
a card column. Figure 212 shows the forest plot field form, from which the 
forest plot master card is punched. 

Stand Tables 

The construction of composite stand tables, heretofore a tedious problem for 

. . * V*! 11 ® Mr ; Wheeler is not connected with a University it was felt nevertheless that his paper 
had a definite place in this book as analogous applications exist in many Schools of Forestry. 
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CODES USED ON FOREST PLOT FIELD FORM 


STATE CODE NUMBERS 

1. Mississippi 

2. Louisiana 

3. Arkansas 

4. Texas 

5. Alabama 

6. Georgia 

7. Florida 

8. South Carolina 

9. North Carolina 

10. Tennessee 

11. Missouri 

12. Virginia 

COUNTY CODE NUMBERS 
Coded as per state blue prints. 

FOREST CONDITIONS 

1. Old growth—uncut 

2. Old growth—partly cut 

3. Second growth—sawlog size—uncut 

4. Second growth—sawlog size—partly cut 

5. Second growth—under sawlog size— 

uncut 

0. Second growth—under sawlog size— 
partly cut 

7. Clear cut 

8. Reproduction 

9. Non-commodity 

10. Fire killed 

FOREST TYPES 

1. Longleaf pine 

2. Longleaf—slash pine 

3. Slash pine 

4. Slash pine—cypress 

5. Turpentine pine—hardwoods 

6. Non-turpentine pine hardwoods 

7. Bottomland and swamp hardwoods 

8. Upland hardwoods 

9. Scrub oak scrub hardwoods 

10. Scrub pine 

11. Cypress—tupelo 

12. Non-turpentine pine 

TOPOGRAPHIC DESCRIPTIONS 

1. Flatwoods 

2. Rolling uplands 

3. Swamps, bays, ponds and branch heads 

4. River bottoms 

5. Sand dunes 

VOLUME INDEX 

1. 250 bd. ft., Scribner Dec. C grades 

1 and 2 

2. Less than 250 bd. ft., grades 1 and 2 

FIRE DAMAGE 

1. No indication of fire 

2. Fire indication present but no apparent 

damage 

3. Fire present and damage light 

4. Fire present and damage medium 

5. Fire present and damage heavy 


TURPENTINE HISTORY 

1. Round timber 

2. Being worked for first set of faces 

3. Back cupped 

4. Idle 

5. Worked out 

TYPE OF CUP 

1. Clay, aluminum, or zinc 

2. Other metal 

3. Cut boxes 

REPRODUCTION DISTRIBUTION 

1. Complete, 75% to 100% occupied by 

seedlings 

2. Partial, 25% to 75% occupied by 

seedlings 

3. Scanty, 5% to 25% occupied by 

seedlings 

4. None, less than 5% occupied by 

seedlings 

REPRODUCTION DENSITY 

1. Seedlings 6 ft. or less from each other 

2. Seedlings more than 6 ft., less than 

14 ft. apart. 

3. Seedlings more than 14 ft., less than 

25 ft. apart 

4. Seedlings more than 25 ft. apart 

REPRODUCTION SPECIES 
Same as tally species group codes. 

SITE INDEX 

Pike— Growth in 50 years for species indi¬ 
cated 

Hardwood— 1. Good; 2. Fair; 3. Poor 
BROWN SPOT 

1. Unimportant—less than 33% of seedlings 

show at least 10% of the foliage in¬ 
fected 

2. Medium—33% to 65% of seedlings show 

10% or more of the foliage infected 

3. Serious—66% or more of the seedlings, 

show 10% or more of the foliage in¬ 
fected 

HOG DAMAGE 

1. Hog damage absent 

2. Hog damage present 

STUMPS 

1. Present or merchantable; 2, Future 

1. 7 stumps per % acre 

2. 4 stumps per % acre 

3. 2 stumps per % acre 

4. Less than 2 stumps per % acre 

5. Pulled 

CULL AGENCIES 
1. Fire; 2. Rot; 4. Insects 

7. Fork, crook, large limbs 

8. Turpentine work 

9. Undetermined 
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forest research workers, is mechanized by punching a stand table card (Pig. 
211) for each species group—diameter class combination tallied on the field 
form (Fig. 212). 

These cards permit composite stand table tabulation for any descriptive quali¬ 
fication by sorting the cards to the required combination, further sorting them 
into diameter class—species groups, wiring diameter class to minor control 
and species group to major control, and tabulating the composite stand table 
as in tabulation Fig. 213. A count of the plots included in the stand descrip¬ 
tion readily enables a computation of average acre stand tables from the above 
tabulations. 


Regional Volume 

Multiple tree volume tables may be punched as master volume table cards. 
A listing serves to check these (Fig. 214). The volume table master cards 
are then sorted ahead of the stand table cards, sorting by number of trees, 
diameter classes and species groups. Each volume table master card will then 
lead all cards of similar description. The entire group of cards are then gang- 
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Fig. 214 

punched in a comparing reproducer;* i. e., the volumes associated with the 
punched number of trees of each diameter class—species group are punched 
into the stand table cards in the proper field, becoming, during the operation, 
stand and stock table cards. Tabulations of volume by diameter class—species 
groups, and other qualifying information, may be run similarly or in conjunction 
with the composite stand tables (Fig. 213). Regional volumes are merely totals 
of the several composite stand tables, multiplied by the necessary area factor. 

Turpentine Croppage 

A canvass of the turpentine stills is made by an experienced man, who 
fills out the questionnaire shown in Fig. 215. The greater share of this in¬ 
formation is coded and punched on cards. Runs and tabulations similar to 
those used by the Bureau of the Census are prepared, principal among these 
being a tabulation of the turpentine croppage now in operation. 

Growth 

The volume growth in ten years is reproduced into the sample tree cards 
(Fig. 216) from growth master cards. The sample tree cards are arranged in 
order by 1/10 inch radial growth classes, diameter classes, and species. Growth 
master cards are sorted in containing volume growth amounts read for each 
1/10 inch radial growth class—diameter class from volume table curves. The 
volume growths are then gang-punched by running the cards through the re¬ 
producer. A tabulation of the volume growth associated with all the sample 
trees in each diameter class is made. The exact ratio of tallied trees to sample 
trees is found and applied to the sample tree growth to find the growth of 
the tallied trees. A mortality deduction is made on the tallied tree growth 
and the volume growth remaining is expressed as a net growth per cent of 
the present volume. 

* Editor's Note : See illustration on page 14, Fig. 13. 
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Accuracy Figures 

The volumes punched on the stand table cards for each plot are accumu¬ 
lated to arrive at individual plot volumes. These may be summary-punched 
simultaneously with tabulation; i.e., as the volume results of each plot number 
are printed, the same figures are transferred to a punch card in the summary 
punch, together with the plot number and the line number. The total plot 
volume information is later reproduced into the sample plot master cards by 
means of the comparing reproducer. By sorting the master cards in sequence 
by plot volume, frequency tables are built for standard error of volume cal¬ 
culations. An example of such a frequency table is found in the following 
table: 


Volume Class 
Board feet 
0 - 99 

100- 199 
200 - 299 
300 - 399 
400 - 499 


Card Count 
No. of Plots 
174 
68 
32 
16 
10 


Volume Class 
Board feet 
500 - 599 
600 - 699 
700 - 799 
800 - 899 
900 - 999 


Card Count 

Volume Class 

Card Count 

No. of Plots 

Board feet 

No. of Plots 

6 

1000 - 1099 

0 

4 

1100 - 1199 

0 

4 

1200 - 1299 

2 

3 

4 

Grand Total Cards. . 323 


The basic data for area accuracy computations are compiled by separating 
the plot master cards into twenty replications. The plot master cards are 
arranged in sequence by plot and line number. In a two column field at the 
extreme right of the first card, 1 is punched; in the second card a 2 is punched 
in the corresponding column; in card 3, a 3 is punched, etc., until the 20th 
card is punched. In the corresponding column of the 21st card a 1 is punched, 
in the 22nd a 2 is punched, etc. This process is repeated for each succeeding 
group of 20 cards. A sort on this field arranges the cards into the twenty 
replications, in effect “dealing” all the master cards into twenty “hands.” 
Counts are compiled of the master cards in similar categories of each of the 
twenty replications, and from them are calculated the standard error of area. 

For the forest research worker who has much use for setting up replica¬ 
tions of his data for standard deviation calculations the problem may be 
easily handled through the use of the “collating device” on a sorter. This 
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device automatically “deals” the cards, in any number of “hands” up to 12, 
without reference to punched information. A greater number of replications 
may be made by dealing each of the first 12 groups into two or more addi¬ 
tional hands again. 

Dr. Halbert L. Dunn’s method of geometric coding, enabling several times 
the usual amount of data to be punched on a card, deserves the attention of 
research men. Where, by the ordinary method of punching, only 22 to 40 
two or three digit items may be placed on an 80 column card, Dr. Dunn’s 
coding will allow room for 80 to 160 similar items. The system works best 
where a printing counting sorter is installed. 

To sum up: 

1. Large quantities of data may be handled within a minimum of time. 

2. Composite stand tables may be built subject to check at every step, an 
impossibility with the manual method of dot tally transfer. 

3. By applying volume tables to the tree tally cards and making the 
necessary tabulations, individual plot volumes and regional volumes may be 
obtained mechanically. 

4. Cards bearing individual plot volumes serve as a semi-permanent file 
to be used in subsequent regrouping of regional data. 

5. Regardless of the nature of the report required, the data are constantly 
in unit form subject to whatever combinations may be necessary—a completely 
flexible system. 

Other Forest Research Problems 

The Branch of Research in Washington handles many forest problems by 
use of the punched-card method. Volume table data are transferred to cards 
and analyzed for various correlations between volume, diameter, form class, 
merchantable height, total height, etc. Yield table data punched on cards 
readily submit to the necessary analyses for yield studies. Forest nursery 
bed analysis for correlation between thrift and grade of stock, origin of seed, 
preparation of seed beds, method of planting, and various other factors may 
be successfully handled. Forest plantation information, thinning plot studies 
and a host of other problems have been similarly followed through. 

The Forest Products Laboratory at Madison, Wisconsin, uses the punched- 
card method to a considerable extent in the compilation of the data from their 
mill scale, log scale, and selective logging studies with exceedingly satisfactory 
results. The Laboratory has perhaps found the method more useful than most 
other forest agencies because of the large quantities of data which they have 
to analyze. However, the advantage to the forest research worker, in general, 
of being able to separate and regroup his data at will, is an advantage not to 
be lightly disregarded in the face of the laborious manual work usually neces¬ 
sary to transcribe data satisfactorily for all necessary analyses and correlation. 
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PART VIII 


Applications in Agricultural Research 
CHAPTEE V 
Summarizing Contest Results 

By 

A. E. Brandt 

Assistant Research Professor, Statistical Laboratory 
Iowa State College 

\ High School Agricultural Congress and Conference of Students in Voca- 
tional Agriculture is held each spring at the Iowa State College at Ames, 
Iowa. Among the agricultural contests which provide competition for the 
vocational agriculture students from high schools of all sections of the state 
are the judging of farm crops and of livestock. A method for summarizing 
the results has been devised by the staff of the Statistical Laboratory. 

It has been the custom, at this institution, to have the contestants in the 
livestock judging contest place ten classes of livestock and give reasons on five 
of them. In the farm crops contest, they place two classes in each of five kinds 
of grain, giving reasons on one class for each kind of grain, and identify two 
groups of ten crops each. Between fifty and seventy-five three-man teams 
compete in each of these two contests annually. The task of grading their work 
is great and when the tabulation by hand of results and determination of win¬ 
ners in the various classes are added to it an enormous load is placed on the 
shoulders of the members of the Animal Husbandry and Farm Crops depart¬ 
ments. By use of punched cards and tabulating machines, the Statistical Lab¬ 
oratory has relieved these men of the most onerous part of their work, sum¬ 
marizing the results. 

In this method, each man and team in the livestock contest is given a number 
at the time of registration and each man is given an envelope containing ten 
tabulating machine cards. Each envelope and each of the enclosed cards bears 
a team number and a contestant number which have been put on previously 
with numbering machines, Figs. 217 and 218. Each contestant puts his placings 
and writes his reasons directly on these cards which are then graded by men in 
charge of each kind of livestock judged. A few words of caution suffice to im¬ 
press all with the necessity of not injuring the cards. The class of livestock 
and number such as, Percheron mares, No. 10, are written on the cards by the 
contestants. As soon as the cards are graded and the grades added, if both 
placing and reasons are required, they are taken to the Statistical Laboratory 
and punched and verified. They are then ready for sorting and tabulating 
which process will be explained for the farm crops contest. 
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Dual tabulating card used in summarizing Judging Contest Eesults 


/ 37109 

| TEAM NO.CONTESTANT NO. 


n BE SURE TO FILL THE NEXT TWO LINES 

f' 

N 

7 

* CLASS. . NO. 


1st. 


2 NO. 


PLACING 
..... 3*0.. 


DO NOT FILL THE SPACES BELOW 


GRADE ON 
PLACING.... 


GRADE ON 

REASONS. SUM. 


Fig. 217 (Front of Card) 


TEAM 


NUMBER 
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SUM OP^ 
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The registration and numbering of the men and teams in the farm crops 
contest are done just as in the livestock contest hut each envelope contains 
twelve cards. Ten of these cards are identical so that anyone may be used for 
any of the ten classes to be judged. The other two have a colored stripe along 
the top to indicate that they shall be used for the identification classes only. 
As with the livestock cards, the class and number must be written on the card 
by the contestant. As soon as the contestants have finished judging a class, the 
cards are collected, graded and sent to the Statistical Laboratory for punching 
and verifying. The headings at the right of the card are self explanatory ex¬ 
cept perhaps, “Scores.” If only placing is given for a class a one is punched 
in the scores column, but if both placing and reasons are given a two is punched 
in that column. 

After the cards are all punched they are sorted first on class then on number 
of man which automatically throws the members of a team together. They are 
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Fig. 219 

A section of the tabulator tape showing standing of teams 


then run through the printing tabulator. Fig. 219 is a copy of a portion of the 
tabulator tape for the 1934 contest. This run is made for four reasons: first, 
in order to determine whether or not each man turned in a card for each class 
with reasons on the proper ones; second, to determine whether the graders gave 
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each man credit for all he did; third, to cheek the accuracy of punching in 
all but the last three columns; and fourth, to provide a record which is cut up 
and distributed to the coaches so that they may know the performance of each 
team member in each class judged. 

Since each team has three members, each member is supposed to have seven¬ 
teen scores and for each kind of grain there must be one card bearing one score 
and another bearing two scores; any errors will appear on the tape and can be 
corrected. The member of the Farm Crops department who is in charge 
of their contest always assists in this checking and rectifies any errors the 
graders may have made. Sometimes a contestant will fail to give reasons on 
one class or find a class so hard to place that he will not hand in his card. In 
either case he will be short of the required seventeen scores. Thus, man number 
50 of team number 17 in the contest this year failed to give reasons on one class. 
The record which the coach got credited this man with but sixteen scores so the 
coach called at the Statistical Laboratory to have a correction made, for the 
member of his team was certain that he had followed directions perfectly. The 
original cards were drawn from the file and given to the coach for inspection. 
He found that this boy had failed to give reasons on one class and went away 
fully satisfied that the results as printed on the tabulator tape were correct. 

After all corrections have been made, the cards are again run through the 
printing tabulator and a summary run off. From this summary sheet a card 
is punched for each man giving the team number, contestant number, total 
grade for the contest, and, in the case of the third man on each team, the 
team score for the entire contest. The men are then ranked by sorting on the 
columns in which the man-scores have been punched and listing the score, man 
number and team number for each man. The teams are ranked by sorting on 
the columns in which team scores have been punched and listing the score and 
team number. In sorting on team scores, two cards for each team will go into 
the reject pocket. If the winners in different kinds of grains such as corn or 
wheat are desired, the necessary break downs are easily made. The results of 
the livestock contest are secured in essentially the same manner. 

The printing on the face is the same for each use to which the cards are 
put in the judging contests and is done by the> Tabulating Machine Division 
of the International Business Machines Corporation with an electrotype owned 
by Iowa State College but left in the possession of the company. This plate 
has been given the number IBM-124731 and Iowa State College will gladly 
give permission for any institution to have cards printed from it. The printing 
on the back of the cards differs (due to lack of space only one of the three 
forms is illustrated) and is done locally. It would not be necessary in a 
contest in which reasons were not given. 
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PART IX 


Miscellaneous Research Applications 

CHAPTER I 

Anthropology 

By 

E. A. Hooton 

Professor of Anthropology, Harvard University; 

Curator of Somatology, Pcahody Museum of Harvard University 

A LL anthropologists study man. and his culture. The job of the physical 
anthropologist is to investigate the bodily characters of man. He is inter¬ 
ested in human physique not so much from the point of view of the health of 
the individual subjects as from that of the hereditary or racial differences which 
separate one great group of men from another. It is his business to describe 
and analyze, to classify and compare, these anatomical features which may be 
the outward signs of mental and behavioristic differences. The physical features 
studied must also be related to certain sociological facts, such as, in a civilized 
state, occupation, education, marital status, and other fundamental circumstances 
of life which may influence man’s physique or be influenced by it. 

Under these conditions the physical anthropologist has to take a great many 
caliper measurements on each of his subjects, calculate many indices or rela¬ 
tions of one dimension to another, and record in carefully graded categories a 
large number of qualitative attributes, such as hair color, which, do not lend 
themselves to caliper measurements. In a routine anthropometric examination 
of a subject the Harvard Laboratory records about 125 facts, either metric or 
observational. But this is not all. Single subjects or small groups of subjects 
are of little or no use to the anthropologist who wants to find out the general 
characteristics of a race, a nation, or some large sociological group such as crim¬ 
inals. The anthropologist must measure hundreds and even thousands of indi¬ 
viduals in order that he may be sure that his data properly represent the popu¬ 
lations which he is investigating. This means an appalling mass of statistics 
which must be mathematically reduced, if any conclusions are to be drawn from 
them. 

In the old days of hand tabulation and computation no sensible anthro¬ 
pologist was likely to study more than a few hundred subjects of any group, 
simply because he knew that the arithmetical labor of reducing his statistics 
would have to be counted in years. If he wished to find out the correlation between 
weight and height he would have to undertake the tedious drudgery of com¬ 
piling a scattergram by reading off values of pairs of variables for long series of 
individuals. When this scattergram was finished and cheeked there would re- 
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main to be done a long series of arithmetical computations. Adding mac hin es 
and calculating machines were, of course, a great help, but only after the statis¬ 
tical data had been arranged by hand and tabulated. 

All of these laborious processes are eliminated or simplified by the use of the 
Hollerith sorting and tabulating apparatus. 

In order to illustrate the use of these wonderful machines in the reduction 
of anthropometric data, I am going to describe the statistical problem which con¬ 
fronted me after I had carried out an anthropometric investigation of 17,000 
criminals from ten states, and how this problem was solved by the use of 
Hollerith apparatus. 

I suppose that everyone who reads this knows that the principle of Hollerith 
sorting and tabulating involves the punching of the raw data pertaining to each 
individual into a single record card, each fact being designated by one or more 
holes punched in the card in specific positions in numbered columns. Once the 
cards are punched they are fed into a machine which sorts and tabulates any 
desired combination of facts by brushes which make electrical contact thr ough 
the various holes in the cards. The latest models of sorters handle about 400 
cards per minute, while the three-bank printing sorter simultaneously counts 
on the column sorted and any other two columns. 

For the criminal survey it was necessary to use the largest capacity Hollerith 
sorting card which contains 80 columns with places for 12 holes in each column. 
In most commercial uses of the Hollerith apparatus only a few facts are recorded 
on each individual card and it is possible to use a 45-column card or to utilize 
an entire column for each digit of numbers or amounts of money which have to 
be placed on record. In our criminal survey it was necessary to provide upon 
each card for a considerable number of values of each of about 125 variables. 
Such a mass of data for each individual not only requires the full capacity of 
the 80-eolumn card, but necessitates the grouping and coding of all metric data 
and the use of double or triple punching in many columns which are subdivided 
in order to accommodate the recording of several different attributes. 

The first step in the preparation of the raw individual record blanks is there¬ 
fore the construction of a code whereby the data may be punched into Hollerith 
cards. Fig. 220 shows the arrangement of the card used for the criminal survey. 
It is divided up into fields according to the material to be recorded in each 
column and each subdivided column. Metric data are grouped in intervals 
varying according to the range and variability of each measurement. For 
example weight may be grouped in 10-pound intervals, so that a single colu mn 
of 12 holes will accommodate the full range of weight variation in a very large 
series. Similarly, stature may be grouped in 3-centimeter intervals, while 
smaller measurements such as head length may be grouped in 3-millimeter 
intervals or less. The number of columns required for recording the metric 
variations of a single measurement or index depends upon the range of the 
variable and the fineness of the grouping interval used. The various observed 
attributes are graded in categories, each category requiring one hole in the 
punch card. Thus if eye color is recorded as dark brown, light brown, gray- 
brown, green-brown, blue-brown, blue, and gray, seven holes in one column 
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are used for this information, but only one of these holes is punched in any 
single card. The first anthropometric codes thus devised were the result of 
much experimentation and a great deal of research in order to find the human 
ranges of metric features and the requisite number of categories for observa¬ 
tional attributes. However, our statisticians are now able to handle any sort 
of specialized data with ease and dispatch, since we have perfected a standard 
universal anthropometric code which can be varied to suit the requirements of 
individual cases. This is shown on the record blank subsequently discussed. 
(See Fig. 221.) 

Our field anthropometric studies of criminals were recorded on printed 
record blanks of a type similar to that used in all anthropological laboratories 
which do not employ mechanical sorting and tabulating apparatus. These 
blanks were not arranged in such a manner as to enable the punch machine 
operator to transfer the original record directly to the card. It was necessary 
to devise a precoding sheet from which the operator could work. This was an 
enlarged replica of the punch card with the number of each hole to be punched 
stamped in its proper position by transferring the field record into code. In 
the case of the criminal survey this precoding process consumed more than 
one year’s time for a staff of six to eight clerks. We have now eliminated 
about nine-tenths of the labor of precoding by devising a field anthropometric 
record blank in which the data are arranged by columns and by numbers from 
one to twelve in each column exactly in the order in which they are to be 
punched into the Hollerith record card. With this new anthropometric blank 
which is shown in Fig. 221, all of the coding of observations is done by the 
field recorder and it requires only a few minutes of work in the statistical 
laboratory to add the codes for the sociological data and measurements and to 
prepare the record sheet for the punch machine operator. The intermediate 
precoding sheet has been completely eliminated. 

Once the record cards are punched, the battle is won, since the sorting and 
counting machines will tabulate the data on the cards in any desired combina¬ 
tion. In our criminal survey we desired first of all to record all physical and 
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HARVARD UNIVERSITY —ANTHROPOMETRY 

Place.. . P ate_Observer___ 


Office. Rank_ 

Kinship with.. 


_Father’s Group or Tribe . 


.Group or Tribe.... 

.Name___ 

.Mother’s... 


—.->CZj 


Marital State, sing., mar., die., Wid. _. 


Weight ...61_71 

Stature .. S | | 9^ 

Tragion . 

Acromion . 

Dactylion .;. 

Span . 90 1 | uf 

Biacromial . IS I 


Head Circum. 17 

Head Length . 1»| I 19 

Head Height . 99 

Minimum Frontal. S3 

Bizygomatic . M 

Bigonial. 98 

Total Face Ht.. 9* 

Upper Face Ht. 27 

Note Ht. 18 

Nose Br. 99 


Sitting Ht. 

Blood Group I, n. HI. IV. 

Squeeze, L...R.. 


ReL Span 10. il/S, I . 
Rel. Sh. Br. 12/8, • ... 


49 Skin color 
Forehead 
1 Pale 
9 Pink 3 
3 Brunet T, 8, 9 
« Swarthy 10. 11 

• Rd. br. 13-14,16 
C Lt. br. 16, 17. 16 

7 Lt. y. br. 4. 6 

8 Y. br. 19-90, 6 

• Med. br. 81-25 

10 Choc. 26-99 

11 Dk. br. 30-35 
19 Black 36 


1 Black 1 
8 Dk. br. 9, 3 

3 Dlc.-lt.br. 

4 Lt.br. 4 

6 Gy. hr. 


9 Skin color 
Breast or In. arm 
1 Pale 
9 Pink 3 

3 Brunet 7, 8, 9 

4 Swarthy 10, 11 

6 Rd. br. 19-14, It 

6 Lt. br. 16, 17, II 

7 Lt. y. br. 4, 5 

8 Y. br. 19-20, 6 

9 Med. br. 21-25 

10 Choc. 26-29 

11 Dk. br. 30 35 

12 Black 36 


60 Vascularity 
1 Abs. 

3 Sm. 


81 Hair form 82 Head hair, qi 


[ Sh-Hip. 13/19 . 

Thoracic 15/14. 

Rel. Sit. Ht. 16/8, 9... 
Ceph. 20, 21/18, 19 ... 
Length-HL 99/18, 19.. 
Breadth-Ht. 92/20, 21 
Fronto-Par. 23/90, 21 . 
Cepb-Fac. 24/20, 31 .. 

Zygo-Fr. 93/34 . 

Fronto-Gon. 25/23 ,.. 
Zygo-Gon. 25/24 ... 

Facial 96/24 . . 

Upper Facia] 27/34 ... 
Nasal 29/28. 


63 Body hair 64 Hair color 


. 43 

__ __ 44_ 

—_ 46! I 26_ 


4 + + 

Grayness. Head 

5 Abs. 

6 Sm. 

7 + 

• + + 

Grayness, Beard 
9 Abs. 

10 Sm. 


Head 

1 Black 27 
9 Dk. br. 4 8 
S Brown 7-9 

4 Red br. 6. 10 

5 Gld. br. 11-16 

6 Ash br. 29-26 

7 Golden 17-19 

8 Ash 20, 21 

9 Red 1-3 
10 White 


65 Hair color 
Beard, mustache 
1 Black 27 
3 Dk. br. 4-5 

3 Brown 7-9 

4 Red br. 6, 10 
6 Gld. br. 11-16 

6 Ash br. 22-26 

7 Golden 17-19 

8 Ash 20, 21 

9 Red 1-3 
10 White 


• Gray 16 
t Gy. blue 

10 Blue 16 

11 Unmatched 
11 Other 


1 + 

3 + + 

4 + + +.4S 
Inclination 

» Up, + 

7 Horiz. 

8 Down, in. 

9 Down, + 
Wings 

10 Compr. 

11 + 

IS Flaring 

73 Earlobe 

1 Soldered 

2 Attached 

3 Free 


Mixed eyes 

External 

1 + + +dk. 8 

1 Abs. 

2 ++dk. 4 

a Sm. 

3 Even 7, 8 

3 + 

4 + + It. 9, 11 

« + + 

6 + + + It 18, 16 

Median 

Iris 

6 Abs. 

4 Clear 

6 Sm. 

7 Rayed 

7 + 

8 Zoned 

» + + 

9 Spotted 

Internal 

10 Diffuse 

1 9 Abs. 

11 Scalloped 

10 Sm. 

13 Other 

11 + 


It + + 



54 Lips 

67 Lips 

Integuments) 

Eversion 

1 Sm. 

1 Sm. 

2 + 

a + 

* + + 

* + + 

Memb. upper 

* + + + 

4 Ssm. 

Lip seam 

5 Sm 

6 Abs. 

4 + 

6 Sm. 

7 + + 

7 + 

• + + + 

• + + 

Lower (if diff.) 

Mid-fac. prog. 

9 Sm. 

9 Abs. 

10 + 

10 Sm. 

n + + 

21 + 

i* +++ 

It + + 



68 Alv. prog. 

1 Abs. 

2 Sm. 

3 + 

4 + + 

5 + + + 
Cbin prom. 

4 Sm. 

7 + 

» + + 

Cbin type 
9 Median 

10 Bilal. 
Eruption 

11 Complete 


69 Bile 
1 Under 
3 E-to-E 
3 Sm. o»er 
^ * + + orer 

6 None 

6 Ssm. 1-4 

7 Sm. 5-S 
3 + 9-16 
9 ++ 17- 

Wear 

10 Abs. Sm. 

11 + 

U ++.+ + + 


70 Caries 

1 Abs. 

2 Ssm. 1-4 

3 Sm. 5-8 
8 + 9-18 


71 Malars 
Front, projection 

1 Abs., sm. 

2 + 

3 + + 

Lat. projection 

4 Abs. 




75 Occ. Flattening 
1 Abs. 

9 + 

M + + 

Cran. asymmetry 
4 Abs. 

8 Left 
8 Right 
Fac. asymmetry 

7 Abs. 

8 Left 
» Right 

Body build 

10 Linear 

11 Medium 

12 Lateral 



Fig. 221 

Pre-coded Anthropometric Record Blank 
(Double line in center indicates division between Front and Back of Blank) 

sociological characteristics of each criminal group distinguished as to race, 
nativity, nationality of parents, and nature of offense. This involved a sorting 
for race and subsequent sortings of each racial group until the desired sub¬ 
division was obtained. Then each offense group so distinguished was tabulated 
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for all of the remaining data on the record card. This process yielded the 
seriations required for calculating means and other constants of metric data 
as well as frequencies and percentages of morphological and sociological ob¬ 
servations. 

By the use of the sorter and printing card counter, correlation tables or 
contingency tables can be built up in one very rapid operation so that the 
relationships between variables and attributes can be determined with practi¬ 
cally no expenditure of labor. By the use of the Hollerith tabulator correla¬ 
tion processes can be carried out almost in their entirety. However, we do not 
employ the tabulator regularly in the Harvard Anthropometric Laboratory, 
because we use codes instead of punching metric data directly into the record 
cards. If one employs the latter method (which necessitates the use of a whole 
column for each digit of a numerical value) the tabulator will add the total 
of the columns, carrying the results over from one column to the next. Any 
statistical laboratory which specializes in large correlations would naturally 
employ this piece of apparatus, as would also a laboratory dealing with mone¬ 
tary records. 

In the course of elaborating our criminal data, one process was performed 
by the Hollerith sorter which in its complexity is probably unique in anthropo¬ 
metric research. In our series of native white criminals of native parentage 
there is included a group of 414 robbers. These robbers display as a group 
a number of statistically significant excesses and deficiencies of certain cate¬ 
gories of morphological features—nine in number. These include excess of no 
asymmetry, of wavy and curly hair, of external eye folds, of light brown eyes, 
diffused irises, etcetera. It was desired to ascertain how many individual robbers 
manifested each one of every mathematically possible combination of these nine 
morphological peculiarities. Since there are 512 possible combinations of the 
presence and absence of these characters, the sorting task involved was stu¬ 
pendous and consumed several weeks of the entire working time of the sorter. 
The object of this work was to determine whether it would be possible to select 
robbers from criminals in general by individual combinations of physical pecu¬ 
liarities. In other words the solution of this problem was the final answer to 
the long debated question as to whether there is a criminal type which is exclu¬ 
sive to robbers. The outcome of the research was a conclusive demonstration 
that, by taking a sufficient number of peculiarities of the robber group in com¬ 
bination and selecting all of the individuals who possessed that combination, it 
was possible to pick out a type which was 100 per cent robber. At the same 
time it was demonstrated that only one robber out of 414 showed this complete 
and exclusive type combination. It was therefore apparent that morphological 
type combinations were of no practical use in determining the offenses of crim¬ 
inals, so far as our particular data were concerned. 

I have expatiated upon this experiment because it illustrates the fact that 
the use of Hollerith apparatus enables the statistician to carry anthropometric 
analysis to a point of fineness which is comparable only with the identification 
of individuals by microscopic finger print variations. The sorting task accom- 
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plished in the case of these robbers would have consumed the entire time of a 
large clerical force for some months, if done by hand, and would probably have 
sent a considerable number of the workers into sanitaria for treatment of 
mental cases. 

Actually the Hollerith apparatus has transformed the biometric study of 
man from an inexact melange of unrelated averages of metric characters and 
general statements about the group occurrence of attributes, to a precise mathe¬ 
matical tabulation of frequency of individual combinations of metric and mor¬ 
phological features. So far as the data are good it has made of human biometry 
an exact science. Now for the first time the anthropologist can tackle the study 
of human attributes on a sufficiently large scale to yield results which he knows 
to be correct because they are based upon adequate numerical samples exhaus¬ 
tively analyzed. 

It is quite obvious that the utility of mechanical tabulating is not restricted 
to physical anthropology, but is equally applicable to all biological and socio¬ 
logical phenomena w T hich are the resultants of different combinations of multiple 
variables and attributes. 
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PART IX 


Miscellaneous Research Applications 

CHAPTER II 

Astronomy 

By 

W. J. Eckert 

Assistant Professor of Astronomy, Columbia University 

rp HE numerical calculation involved in astronomical research has always 
been a problem of the greatest importance. Much of this computation can 
be performed by people of little training, but this does not relieve the astron¬ 
omer of the task of securing funds for the purpose or of the necessity of 
planning and checking the work. The result is that many problems are passed 
over for lack of funds; or that the energy of men of scientific ability is spent 
on computation. 

There have been three major advances in computing methods brought about 
respectively by the introduction of logarithms, of manually operated com¬ 
puting machines, and of automatic tabulators using punched cards. The first 
table of logarithms was published by John Napier in 1614, and for nearly 
three centuries all extensive calculations were performed by this method. The 
present generation has seen the logarithm replaced by hand and electric com¬ 
puting machines. These are all similar in that the simple operations of arith¬ 
metic are performed more or less automatically upon numbers which are put 
into the machine by hand. For the automatic tabulators the initial numbers 
are punched on cards and checked. From then on they receive no personal 
attention, as they are automatically transferred through flexible wiring to the 
proper place in the machine for the various operations. 

The complete line of equipment using the punched card system is too ex¬ 
tensive to describe here except to say that there are standard machines for 
practically all purposes. They have been developed for commercial uses but 
with slight modification become ideal for scientific work. The main question 
in any ease is not “can the problem be solved by these machines”, but rather 
“have I enough operations of this type or that to justify such powerful 
equipment.” It might be mentioned also that with standard parts special 
machines for almost any imaginable purpose could be constructed, but except 
in very rare cases the expense involved makes the standard machines preferable. 

In view of the 'wide variety of machines and their possible uses it seems 
most desirable to describe particular machines and the particular problems to 
which they have been applied. I shall, therefore, describe the work done 
with the earlier machines at the British Nautical Almanac Office, and that 
now being done with the more modern equipment at Columbia University. 
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First Scientific Use of Tabulator 

Dr. Comrie has described the use of the key punch, verifier, sorter, and 
printing tabulator in connection with two problems: (1) the construction of 
tables by interpolation and (2) the summation of periodic series.* In the 
construction of tables the first or higher differences of the function to be tab¬ 
ulated are found and punched on cards. The tabulator adds these differences 
and prints the argument, the difference, and the function. In the computa¬ 
tion of an ephemeris of the moon it is necessary to add for each date a great 
many periodic terms. The contributions of each of these terms at equal 
intervals of time during one revolution are punched on cards. For a given 
date the cards are collected from the tops of the piles and added on the tab¬ 
ulator. At the end of a period the cards are sorted and the process repeated. 

Work Now Being Done at Columbia 

The equipment at Columbia is shared with the Statistical Bureau and is, 
therefore, more complete than would be necessary for this department alone. 
The essential units for scientific work are a key punch, a verifier, a sorter, 
a cross footing multiplying punch, and a direct subtraction tabulator with 
summary card punch. The automatic reproducer, the gang punch, and the 
interpreter are also used. The multiplier is standard except for two fea¬ 
tures: (a) The multiplier and multiplicand may [be positive or negative 
and the proper sign of the product will be indicated, (b) The machine per¬ 
forms with one operation the problem of direct interpolation in tables. The 
summary punch is also standard except for the fact that provision is made 
for automatically changing the algebraic signs of numbers punched on cards. 

The immediate program of research consists principally of three problems: 

(1) Stellar statistics. 

(2) Planetary motions. 

(3) The construction of star catalogues. 

In the solution of these problems there are many types of work which are 
important in other kinds of research. The second involves the numerical 
integration of differential equations, the formation of normal equations for 
solution by the method of least squares, the solution of linear algebraic equa¬ 
tions, and the differencing of tables. The third involves direct interpolation 
in tables, the summation of power series, and the construction of card catalogues. 

Stellar Statistics 

The problem of stellar statistics is a natural place for using tabulating 
equipment. For this purpose we need only the punch, verifier, sorter and 
ordinary tabulator. The pertinent information about each star to be con¬ 
sidered is punched on a card. Numerical information is punched directly, 
or as a complement when negative. Literal information such as the spectral 

* On the Construction of Tables by Interpolation. L. J. Comrie. Monthly Notices, K.A.S., 
Apr. 1928. The application of the Hollerith Tabulating Machine to Brown’s Tables of the Moon. 
L. J. Comrie. Monthly Notices, R.A.S., May, 1932. 
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type is coded into numbers. The cards can be readily sorted into groups ac¬ 
cording to any classification on the cards, and for each group the different 
quantities may be added on the tabulator. The principal work involved is the 
preparation of the card catalogue,! for the additions may be performed on a 
dozen quantities at once and at the rate of nearly ten thousand per hour. To 
date we have punched on cards the information from Kohlschutter’s catalogue 
of about 5,000 stars, and the Yale Zone Catalogue of about 10,000 stars from 
declination +25° to +30°. The cards from the first catalogue contain (1) 
catalogue number, (2) right ascension, (3) declination, (4) parallax, (5) spec¬ 
tral type, (6) radial velocity; (7) magnitude, (8) three space velocity com¬ 
ponents, (9) total space velocity, (10) derivatives of the velocity components 
with respect to the parallax. For the second catalogue the parallaxes and 
radial velocities are not given, and the space velocity components are replaced 
by the angular velocity components. 

As an example of the use of the first catalogue consider one run which 
was made in about three hours. It was desired to separate the stars into 96 
groups according to galactic longitude and latitude. These coordinates were 
not on the cards, but from a scheme giving the limits of right ascension and 
declination corresponding to the required limits of galactic latitude and longi¬ 
tude, it was easy to sort into the required regions by the given coordinates. 
For each group the tabulator added 10 quantities. Each of the five counters 
were split so as to give ten totals in one run. Division of the totals for each 
kind of information by the number of stars in the group gave the average 
value for the group of the three space velocity components, the parallax, the 
spectral type, the magnitude, the total velocity and the three derivatives men¬ 
tioned above. To do this counting by hand would require about two months 
of tedious labor. 

Planetary Motions 

The problems of celestial mechanics have occupied the attention of men of 
mathematical ability for centuries. Some of this work has been for the proving 
of general theories, but a great amount has been simply the problem of seeing 
to what extent the motions computed on the assumption of Newton’s laws of 
motion and gravitation agreed with the observed facts. There have existed 
simple numerical methods for the purpose, but the labour of applying them 
was so great that they have been used only for small problems. 

The method now being used at Columbia on the planet Yesta is similar 
to that used by Cowell and Crommelin on Halley’s comet.* The complete 
process of numerical integration is performed and checked on the machines. 
The advantages of the machine method in addition to those of speed and ac¬ 
curacy are that all portions of the computation are recorded on cards so that 
they may be used for other purposes. For instance, a small change may be 
made in the elements and the new values of the coordinates obtained with 
almost no additional work. 

* Investigation of the Motion of Halley’s Comet from 1759 to 1910. P. H. Cowell, A. C. D. 
Crommelin. (Forming an Appendix to the Volume of Greenwich Observations for the year 1909.) 
Neill & Co. Limited, Bellevue, England, 1910. 
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In Cowell’s Method a table of equatorial rectangular coordinates x, y, z, 
is developed from the second differences. These second differences, being the 
accelerations due to the sun and planets at that instant, are computed from 
Newton’s Law. The computation of the accelerations consists essentially of 
deriving quantities of the form 

k 2 (x p -x) 

T 3 

Y __ k 2 (y p -y) 

r 3 

^ __ k 2 (z p -z) 
r 3 

where r 2 =(x J) -x) 2 + (y P -y) 2 + (z ? -z) 2 , x p , y p , z p being the coordinates of the 
disturbing planets. The subtractions are made three at a time with the subtrac¬ 
tion tabulator and the multiplications and cross additions on the cross footing 

multiplier. The quantity -4- comes from r 2 with the help of a card catalogue 
of quantities to the minus three halves power, being interpolated automatically 
on the multiplier. The coordinates of the major planets x p , y p , z p are 
punched once for all on cards and serve for any orbits computed by this 
method. The accelerations are added on the tabulator and then used for the 
double summation. The results of the second summation differ from the co¬ 
ordinates by quantities which are small multiples of the successive differences 
of the acceleration. These differences are derived by means of the tabulator 
and the attachment for reversing the algebraic signs of numbers. The calcula¬ 
tion may be performed with final accuracy at each stage, or by the method of 
successive approximations. With the latter method the machines are used to 
their full efficiency but the calculations may have to be repeated several times. 
With the former the first results are final, but all the different operations must be 
performed for a given epoch before proceeding to the next. This latter method is 
facilitated by an auxiliary switch box for automatically changing the wiring. 

The coordinates obtained by the above process are those of a body moving 
according to Newton’s Law and which had the initial coordinates and velocities. 
We must now compare those positions with the observations. The observations 
consist of the direction in which the object was seen from the earth. These 
observed directions are compared with similar directions computed from our 
table of x, y, z. Most of this calculation is also done on the tabulators, though 
we shall not describe it here. After the comparison we wish to know to 
what extent the discrepancies can be accounted for by the fact that we did 
not assume the best values for the starting coordinates and velocities, and 
to what extent they are due to other causes. The first step is to make a 
least-squares solution for corrections to the six elements. In the case of a well 
observed planet there are several thousand observations. The normal equa¬ 
tions whose coefficients are of the form 2 a* a j may be formed in two ways: 
(1) by making the necessary multiplication on the multiplier and adding on 
the tabulator, or (2) by using a method similar to the Mendenhall-Warren- 

*** The Mendenhall-Warren-Hollerith Correlation Method. Columbia University Statistical 
Bureau. Document No. 1. Also The Use of Machine Factoring in Multiple Correlation, A. E. 
Brandt, Journal of the American statistical Association, September, 1928. 
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Hollerith method of, computing correlation coefficients* The normal equa¬ 
tions may be solved by elimination on the multiplier as described below. After 
the solution the effects of small changes in the initial conditions are easily ap¬ 
plied to x, y, z. The solution by this method leaves the results on the cards 
where they are very conveniently arranged for statistical discussion. 

The construction of the card catalogue of coordinates of the major planets 
is an extensive piece of work but one which need be done only once. A dupli¬ 
cate set of these cards could very easily be made for another observatory. The 
methods of checking such a catalogue for accidental errors is of interest. The 
motion of a given planet is to a first approximation periodic, so that after a 
given time the coordinates will be very nearly repeated. Hence we can find 
an interval in which an integral number of periods will be approximately 
equal to an integral number times the interval of tabulation. The failure of 
exactness will be small enough that first order interpolation will do. For this 
purpose we construct a catalogue of first differences of the coordinates extend¬ 
ing over one period. This we multiply by the closing error in the period 
and add to the old values of the coordinates. The results will agree to the 
accuracy with which the motion is periodic. The residual error which is due 
only to perturbations will be small and will vary so uniformly that inspection 
will detect any error larger than one or two in the last place. "Where only 
approximate values of the coordinates are necessary the perturbations may 
be neglected and the above method used for the original computation. 

The method described above for the solution of the problem of planetary 
motions may be applied to almost any problem of numerical integration. In 
the case of planetary motions there are three dependent variables which are 
built up from second derivatives. If there were only one dependent variable, 
it might be desirable to carry the solutions for several values of a parameter. 

A set of n linear equations in n unknowns may be conveniently solved 
on the tabulator and multiplier by the ordinary method of Gauss. There will 
be nx(n-f-l) given numbers including the constant terms. Each of these 
may be punched on a card together with numbers indicating the equation and 
the position in the equation from which it came. "When many sets of equa¬ 
tions are solved at the same time, the cards should carry the number of the 
set of equations. The different operations on a given set may be indicated 
by color of cards or by a number. The cards for the first equation are passed 
through the multipliers with the negative reciprocal of the first coefficient as 
fixed multiplier. The results will be in turn multiplied by each of the first 
coefficients of the other equations. These cards are paired with the original 
cards for the various coefficients by means of the sorter and then added on 
the tabulator. The resulting summary cards form a set of n—1 linear equa¬ 
tions in n—1 unknowns and the process may be repeated. The only hand 
computation is that of finding a reciprocal, and this is immediately checked 
by the multiplier. Where many unknowns are involved it may be desirable 
to carry cards with the customary check sums. In the case of normal equations 
for the method of least squares the solutions with 1,0,0,...; 0,1,0,...; etc. for 
the determination of the weights would be included. When the last unknown 
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is found, the process of substitution is performed by operations similar to the 
preceding ones, as is the process of substituting in the original equations. Where 
the order of elimination is important, the sorter may be used to put a set of 
coefficients in order. The advantages of this method of solution become very 
great when there are many similar sets of equations, as most of the time is 
required for the changing of the wiring rather than for the actual operation 
of the machines. 

Star Catalogues 

The construction of a catalogue of photographic star positions is an example 
of work where many simple calculations must be made a huge number of 
times. The most expensive part of the calculation consists of the conversion 
for each star of the spherical coordinates on the sky to the rectangular co¬ 
ordinates on the photographic plate. Some of the other calculations are the 
application of precession, the determination of the plate constants from the 
comparison stars by the method of least squares, and the application of the 
terms of various orders in the coordinates depending upon these plate constants. 

We will describe the method of converting spherical into rectangular co¬ 
ordinates as this illustrates several types of machine computation. The well 
known formulae are: 


X = 


tan <V 
cos A a 


tan A a _ 

sin 8 -f- cos 8 


cos 8 


Y = 


sin 8 


tan 6' 
cos A a 
tan 6' 
cos A a 


sin 8 


cos 8 


X, Y are the rectangular coordinates on the plate. 

,8' is the declination of the star. 

8 is the declination of the center of the plate. 

Aa is the difference in right ascension between the star and the center 
of the plate. 

The average number of stars on a plate is about 1000, and the plates overlap 
so that each star appears on two plates. The first operation with the summary 
punch subtracts the right ascensions of the two plate centers from that of 
the star and converts the A a’s from time to arc; and gives the tangent of 
the declination for the nearest tabular value of the argument, together with 
the first difference. The resulting card contains the star number, the right 
ascension of the star in hours, minutes, seconds and decimals, the two A a’s 
in seconds of arc, the declination in degrees, minutes, seconds, and decimals, 
the tangent of the even number of degrees, minutes and tens of seconds, and 
the difference in the tangent for 10". The printed record (Fig. 222) contains 
all these numbers except the first three digits of the star number and the hours 
of right ascension. These numbers change very infrequently and are applied 
to the card by means of a master card. This device makes it possible to sum¬ 
mary punch more digits than the capacity of the tabulator counters. The 
multiplier with the special device for performing operations of the type 
A±(BxC) now interpolates the tangents at one operation. A card catalogue 
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9432043771 375021876 


9452121421 3091762336 
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Fig. 222 

Star catalogue printed by tabulating machine 
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giving for A a, tan A a and —\— together with their differences is used with 

cos A a 

the multiplier to give the exact values of tan A a and —~— The product 
tan 8 cos A a 

cos A ~ is formed and the numerator and denominator of the expression for Y 

computed. The latter is performed with one operation. A card catalogue 
then gives the reciprocal of the denominator multiplied by the scale factor of 
the camera, together with its difference. One interpolation and two multipli¬ 
cations give X, Y. 

In most computations with tabulators extensive use is made of card cata¬ 
logues. With the help of the summary card punch such catalogues are not 
difficult to make. Frequently the catalogue may he computed ab initio on the 
tabulators and punched directly. In the case of published tables such as sin es 
and cosines of angles we need punch by hand only the first differences, and 
with the tabulator and summary punch derive the argument, the function and 
the difference. 

Before the newer machines were developed the conversion of spherical to 
rectangular coordinates was performed on the standard tabulator by means 
of power series. The computation was then of this form: 

X = Act [ a + b AS + cAa 2 + dAa 2 A8 + eA8 3 + fAct 2 A8 2 -f gAa 4 ] 
Y = b'A8+e'Aa 2 +d'Aa 2 A8+e'A8 3 -fgAa 1 +fAa 2 A8 2 + h 1 A8 5 -fiAa 4 A8+iAa 2 A8 3 

Aa,A8 were derived as in the newer method. A card catalogue containing 
powers from the first to the fifth of numbers from 1 to 2,000, and additional 
catalogues for interpolation in the second and third powers were used. The 
final power series were evaluated by drawing card^ for each term from cata¬ 
logues containing the argument times the constant coefficients a, a’, b, b’-. 

For the product terms it was necessary to resort to double entry tables for 
the smaller terms and to the following artifice for the large ones. For the 
Aa 2 A8 term a five figure multiplication was necessary. Hence five sets of 

cards were used each containing products lxl, 1x2, -1x9, 2x1-2x9, 9x1 

-9x9. By using the proper combinations of these cards the complete mul¬ 
tiplication was effected. Of course, the cards for a particular term carried 
the contributions to both X and Y while reversal of the card gave complements 
for the negative terms. 
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Miscellaneous Research Applications 

CHAPTER III 


Economics 


By 

Edwin H. Spengler 

Director of Besearch, Bureau of Economic Besearch of Brooklyn College, and 
Instructor in Economics, Brooklyn College 

T HE interests of men are, in the main, social in character. Life, particularly 
in modern society, is characterized by an important series of interrelation¬ 
ships. Individual independence and isolation are rarely found. On the con¬ 
trary, the social structure appears to be growing in complexity and the bonds 
of mutual dependence are becoming closer. 

Attempts to analyze, understand and to regulate intelligently these social 
relationships are, therefore, tending to assume an increasing degree of impor¬ 
tance. Less and less is it possible for responsible leadership to depend upon 
personal knowledge and observation as a basis for direction and control. More 
and more must it rely upon the interpretation of facts and figures, and upon 
the findings of specialized investigation. 

Statistical research has, therefore, come to occupy a prominent position in 
the field of economics and related social studies. The practical policies of 
business or of governmental bodies, as well as the academic projects leading to 
the formulation of basic principles and theories, have become increasingly 
dependent upon an adequate collection and presentation of statistical data. 
Within the last generation, the advance of specialization, both occupational and 
territorial, and the more rapid tempo of social change have added to the com¬ 
plexity of economic life. This has emphasized more than ever the necessity 
for the reliance upon statistics for the proper understanding and regulation 
of economic phenomena. 

Much as the compilation of certain statistical data may be desired, how¬ 
ever, the expense and the time involved in sorting and tabulating the informa¬ 
tion, have frequently deterred individuals from going ahead with a given 
project. Especially is this true of studies which would require detailed classifi¬ 
cation and cross classifications of large assortments of items. The arduous 
work of hand-sorting schedules into main groups and sub-groups, and of 
counting and tabulating each total, rapidly raises the costs of a statistical study 
to unwarranted levels, and usually results in a reduction in the scope of the 
project to less ambitious proportions. 
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To a large extent, the introduction of mechanical methods of counting, 
sorting and tabulating numerical facts has eliminated these difficulties. Electric 
machinery, capable of performing routine operations at the rate of several 
hundred per minute, has increased the speed and lowered the expense of pre¬ 
paring statistical tabulations. This has resulted in a broadening of the field 
of statistical research and analysis and has stimulated the projection of studies 
which, without the use of such equipment, would no doubt have been considered 
impossible or impractical of accomplishment. 

The use of machinery of this type involves the transfer of data from original 
schedules to standardized punched cards. This requires the codification of each 
item to be tabulated, so that the holes punched in certain sections of the cards 
may represent specific statistical facts. The classification, grouping and correla¬ 
tion of individual code items on each card may then be made in any variety of 
ways, and the conclusions which may be drawn from the resulting tabulations 
will, of course, be based upon the meanings which lie behind the individual 
code items. 

Obviously, the speed and the reduction of effort and expense in resorting 
to mechanical methods of tabulation are made possible because of the elimination 
of the human factor in most of the routine tasks of counting and sorting. If, 
however, the work of transferring the original data to the tabulation cards is 
complicated and time-consuming in character, such losses may more than coun¬ 
terbalance the gains derived. It is important, therefore, when tabulating equip¬ 
ment is to be employed, to recognize this fact at the very inception of a 
statistical study. Plans should be made for co-ordinating the collection and 
editing processes with the requirements for tabulating so that a minimnm of 
difficulty is involved in the transition from one operation to another. Otherwise 
many of the advantages of the machine technique will disappear. 

An interesting application of the use of electrical tabulating machines may 
be cited in describing the methods employed in a statistical study of the 
operation of several state sales taxes. This study was conducted in 1933 under 
the auspices of Columbia University.* 

The purpose of the project was to develop an inductive examination of the 
effects which sales tax legislation had produced in a number of important sec¬ 
tions of the country. In order to accomplish this it, was decided to make a 
canvass of business establishments and, by means of a questionnaire, to record 
the reactions and policies of the individuals interviewed, with respect to the tax. 

Accordingly, one of the first tasks which were set during the initial stages 
of planning was to prepare a rough draft of a questionnaire. After a certain 
amount of discussion and critical examination of the problems involved, a pre¬ 
liminary form was drawn up. (See sample page, Fig. 223.) This question¬ 
naire contained queries requiring approximately thirty short answers. 

Before the work could progress much further, however, it became necessary 
to make at least a tentative estimate of the scope of the study. This concerned 


* The results of this study were recently published in “The Sales Tax in the 
Robert Murray Haig and Carl Shoup—Columbia Univ. Press, 1934. 


American States,” 
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the following questions: 

(1) the number of states to be included in the survey 

(2) the urban and rural areas to be selected in each state 

(3) the industries or lines of business to be studied 

(4) the choice of adequate samples. 

It soon became evident, after a brief consideration of the factors involved, 
that this was a research project which would require the use of mechanical 
tabulating facilities. This conclusion was reached after a few hasty computa¬ 
tions of minimum sorting and counting operations which would be needed. 
To illustrate, suppose that the study were limited to one state—say New York. 
Suppose further, that New York City were chosen as the single, most repre¬ 
sentative and most accessible study area, and that, twenty-five major lines of 
business were arbitrarily selected for the sampling process. (In order to obtain 
an adequate sample it was decided that at least ten per cent, of the establish¬ 
ments in these twenty-five fields would have to be interviewed. This, it was 
judged, would include more than 5,000 firms.) If each concern answered all 
questions, some 150,000 total replies would then be received. Naturally, to be 
of value, these replies would have to be classified into such categories as “size 
of business,” and “nature of business.” Further sub-classifications into “deal¬ 
ers exempt from the tax,” “those not exempt,” “those shifting the tax,” and 
“those assuming the tax burden” would undoubtedly be required. This would 
necessitate sorting, re-sorting and counting—which would quickly run into sev¬ 
eral million unit operations. 

The vastness of this single project for New York City, if attempted by hand 
tabulation methods, might have eliminated all possibility of extending the study 
to other cities and states, and to rural areas. Both the amount of funds and 
the time available were definitely limited. The decision to make use of elec¬ 
trical tabulating machines in handling the results of the field work made pos¬ 
sible a broader plan of study. Three states were finally selected: New York, 
Illinois and Michigan. Within these states the chief areas covered by the 
field work were the largest cities: New York, Chicago and Detroit. In New 
York State, Buffalo and Syracuse were included and in addition, most of the 
cities and towns along the southern and eastern borders and in several interior 
counties of the state. In Michigan and in’ Illinois, a few border towns were 
also studied. 

In New York, sixty varieties of retail business and eighty classes of wholesale 
and manufacturing lines were distinguished. In the other states a classification 
of business was made on the basis of twenty-seven major groups. Over 30,000 
complete returns, each covering from thirty to forty questions, were collected. 
It is estimated that the final tabulating work on these returns exceeded 200 
million unit operations of sorting, counting and entering of totals. 

Fortunately, it was agreed at the very outset to tabulate the results me¬ 
chanically. This made possible a rearrangement of the questionnaire so as to 
facilitate the transfer of data to standard tabulating cards. In the meantime, a 
few questionnaires had been circulated by mail and through direct personal 
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Sample pages of questionnaire for wholesalers and manufacturers; final draft 



























canvass by staff members. Several obvious defects were eliminated and a new 
form was prepared—so arranged that all answers could be inserted in the right 
hand margin. (See sample page, Fig. 224.) 

At this stage, a representative of the Service Bureau of the International 
Business Machines Corporation was called in to advise and assist in laying out 
the complete schedule of tabulation. About five hundred sample questionnaires 
in the revised form had been sent out, and on the basis of replies received a 
final questionnaire form was devised. Careful attention was given to the order 
of arrangement of questions so that, by a mere process of checking against 
certain indicated answers, a significant set of results might be drawn off. Each 
reply was assigned a characteristic code number which corresponded to the 
columns and rows on a standard punch-card. Separate questionnaires were 
made for retailers and for wholesalers and manufacturers. (See Fig. 225.) 

Because of the variations in the tax laws of the several states individual 
forms were devised for each state. In general, however, the questionnaires all 
followed the same basic form. 

Several questions were of such a character that they defied arbitrary classifi¬ 
cation in advance. These were, therefore, not assigned a code number, but 
provision was made for the insertion of code numbers by hand as a part of the 
work of editing the field reports. 

Field workers were given a series of talks before starting on their assign¬ 
ments. These lectures were supplemented by detailed mimeographed instructions 
explaining each item on the questionnaires. Each day, as the field workers’ 
reports were returned, they were edited for any omissions, careless entries, or 
obvious contradictions in the data. Each return was stamped with the date, 
and properly coded according to date and geographic area. 

The completed forms were then ready for tabulating. Punch operators 
read the coded information recorded on the questionnaires and transferred these 
data to the cards used in conjunction with the tabulating machines. 

From this stage, the sorting and counting were handled entirely by the 
Service Bureau of the International Business Machines Corporation. Tabulation 
report sheets had been prepared in such a way that the coded information 
drawn from the tabulating machines could be inserted directly by code number— 
the meaning of each class of information being designated to the right of the 
codes. (See Fig. 226.) 

The careful planning of the questionnaire and provision for codification of 
the replies at the very beginning of the study was well repaid in the later 
handling of the data. As the returns came in, the uniformity in arrangement 
and the standardization which had been achieved made possible an almost com¬ 
plete mechanical treatment in preparing statistical summaries. This enabled 
the research staff to devote more time and effort to the analysis and interpreta¬ 
tion of the reported results. 

Many interesting combinations of answers and of various classes of data 
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were prepared. Some of these follow: 

(1) Replies of all retail stores in the same line of business were grouped 
together and separately classified. 

(2) A similar arrangement was made among wholesalers and manufacturers. 

(3) Returns were divided into exempt and non-exempt classes. 

(4) Replies were classified according to the size of business units. 

(5) Answers were separated according to geographic areas. 

(6) All returns indicating that the business shifted the sales tax were cross- 
tabulated with ten or twelve other pertinent replies. 

(7) Returns indicating that dealers assumed the tax burdens themselves 
were similarly cross-tabulated. 

(8) Cross-tabulations were also made with reference to time at which the 

questionnaire was received, changes in policy in handling the tax, and 
consumer attitude with respect to the tax. < 

The ability to form comparisons of this sort, and to correlate one group of 
facts with another makes possible a series of conclusions which the most careful 
inspection of the data as a whole would not reveal. 

Modern methods of machine tabulation may thus be regarded as important 
tools which are available for the handling of certain classes of economic data. 
Through the facilities which they afford in large statistical projects of the 
variety outlined above, they often make possible a series of operations which 
otherwise could not reasonably have been performed in any other way. To this 
extent, at least, such machinery serves as part of the auxiliary equipment of 
the modern research worker in the field of economics. 
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Miscellaneous Research Applications 

CHAPTER IV 

Literature 

By 

H. P. Fletcher 

Associate Professor of English and Associate Dean of the 
College of Liberal Arts and Sciences, University of Illinois 

T 1 HERE are many problems in the intensive study of literature that call for 

listing and tabulation. One of thesa is the problem of index making, espe¬ 
cially those time consuming word indexes of an author’s works. The usefulness 
of such indexes is, of course, the usefulness of a tool and like all tools they 
depend entirely on their reliability. Insofar as machine operations can be 
substituted for manual operations in index making, the degree of reliability 
of the finished product can be considerably raised. 

For several years the need for a word index of Milton’s English prose 
works has been apparent. Without such an index we know little about his use 
of the language, and there is no way of being certain of the contents—ideas, 
proper names, authors used, or nature of the vocabulary—of the thousand or 
more pages that constitute Milton’s English prose writings. 

The preparation of word indexes and of concordances involves a great deal 
of manual labor. The time involved often extends into years. Both of the 
above factors tend to discourage such works. To overcome these discouragements 
and to increase the degree of accuracy an investigation was made into the 
possibility of using the new alphabetic tabulating equipment in connection 
with index work. This investigation resulted in the adoption of the technique 
as described in the following pages. 

A tabulating card (Fig. 227) is punched for each word of the text. An 
alphabetic duplicating key punch is used. The card used has fields for the 
following information: 

Word Recurrence, Column I 

A 1 is punched for each word that occurs in the text. If, for example, 
the explanatory context should take more space than is allotted, a second 
card is used for the rest of the context. This card has to contain all 
of the same reference information that the first card contains. This is 
necessary in order to have it sort with the original card. When a count 
is made to determine the frequency of a word, the use of the card-count 
would register two for this word. To prevent this 0 is punched in this 
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Fig. 227 

Tabulating Card used in preparation of Word Index 


field in the second card. In this way an accurate count is obtained by 
adding or counting the 1 ’s punched. 

Essay Name, Columns 2 to 4 

In this field is punched in alphabetic characters the abbreviation of the 
name of the essay studied. 

Page Number, Columns 5 to 7 

The pages are numbered separately for each essay, and this number is 
punched as a reference. 

Line Number, Columns 8 to 9 

The number of the line on which the word occurs is punched in this field. 

Word, Columns 10 to 37 

The word as found in the text is punched in this field. Archaic words 
can in most cases have the modern spelling in this same field. If the 
space is not sufficient, a second card is used in which ease the procedure 
under column 1 is followed. 

Part of Speech, Columns 38 and 39 

A code is used to indicate in this field the part of speech and other 
information such as tense or number of the word concerned. 

Context Symbol, Column 40 

Whenever the context is to be punched on the card, the number 1 is 
punched in this field, otherwise the 0 is punched. The alphabetic tabu¬ 
lator can print 43 alphabetic characters on one line at one operation. 
If the context were given for each word, a second run of the cards 
would be made to print the context. In this way a total of 86 letters 
can be printed on one line. Obviously, if the context is included for 
each word, no context symbol is needed. In this study the context will 
be given only for certain archaic or unusual words. The context symbol 
printed on the first run will show where the context is to be printed. 
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One sort on this field will select the cards on which the context is 
included, without destroying their sequence. They can then be listed 
for the printer on a separate sheet or they can be listed on the sheet on 
which the first was printed. A line will be printed only where a context 
symbol appears. This procedure eliminates the necessity of putting 
through the machine a second time thousands of cards which have no 
context. 

Context, Columns 41 to 80 

The immediate context is punched in this field. The word for which the 
context is given is indicated only by the initial letter followed by two 
spaces. If the context must include more than forty spaces, a second 
card will have to be used following the procedure indicated under 
column 1. 

The card representing the first word of a page is used as a master card from 
which columns 1 to 7 are duplicated on all subsequent cards for that page. 
Care must, of course, be taken to raise the duplicating rack of the punch when¬ 
ever a zero is to be punched in column 1. 

To verify the work of the punch operators a run of the cards is made in 
the same sequence as they were punched from the text. This list can then be 
proof read against the original text. 

After the corrections have been made the cards are sorted alphabetically. 
In sorting alphabetically the procedure would ordinarily be to sort from right 
to left over the whole field. In this study a sort will probably be made on the 
eighth or ninth letter from the left. All cards having words of more than eight 
or nine letters will fall into the reject pocket. This small group of cards can 
then be sorted alphabetically from the right to the column on which the first 
sort is made. Then they can be included with the rest of the cards and the 
sorting completed. 

The listing of the cards is a simple operation. The various fields on the card 
are connected with the printing mechanism to print the words and reference 
data in any desired arrangement. As stated before the context is listed by 
putting the cards through the machine a second time. An example of such a 
list is shown in Pig. 228. 

The great appeal of this method to the indexer is obvious. In the making 
of a word index the production of the original cards or the writing of each 
word on a card together with its place of occurrence and other supplementary 
material constitutes only twenty to twenty-five per cent of the total procedure 
necessary to secure the finished index. I should estimate that not over five per 
cent of the time required for the original making of the cards can be saved 
through the use of tabulating machinery. However, once the separate words 
are punched on tabulating cards and verified, the balance of the whole process 
of indexing is completely taken over by the sorting and tabulating machines. 
It is here that the amount of time saved may well rise as high as eighty per cent. 
In the past the operations of hand sorting and alphabetizing have been very 
slow and relatively inaccurate. If any duplication was required, the chance 
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Fig. 228 

Tabulator Tape showing list of words in alphabetic order 


for error was frequently appalling. Thus, the second element that is gained 
through the use of the punched card method—accuracy—cannot be overrated. 
With the human element and the time element both concentrated on the making 
of the original cards, the limitation of error should be very pronounced. The 
whole process will, I believe, proceed at a pace and with a degree of accuracy 
that will make indexing by hand seem extraordinarily time consuming and 
obsolete. 
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Miscellaneous Research Applications 

CHAPTER V 
Social Science 
By 

Charles S. Johnson 

Director, Department of Social Science, Fisk University 

XT' OR purposes of administration unity in carrying on the researches in the 
field of the social sciences, there was established at this University a De¬ 
partment of Social Science. The special disciplines of economics, sociology, 
anthropology and education, thus, have the advantage of common facilities for 
work as well as the material benefit and inter-stimulation of all the social 
studies in process. Since the establishment of the Department in 1929, there 
have been undertaken seventeen major research projects: nine in sociology, two 
in education, two in economics, two in anthropology and two* general studies. 
Two of these studies have been initiated at the request of the Social Science 
Research Council, one, for the General Education Board, two for the Julius 
Rosenwald Fund, and one for the Tennessee Valley Authority. 

In most of these studies the statistical features have loomed large. The 
researches call for the rapid and accurate tabulation of data from question¬ 
naires, schedules, and a wide variety of records from institutions. A great 
part of these data lend themselves to definite and accurate statement and there¬ 
fore can be classified and coded for the punched card. 

Obviously the volume of this work required dependable mechanical as¬ 
sistance. Tabulating machines were installed in 1930 and they have been con¬ 
tinuously in operation since. For a brief period prior to 1930, we farmed out 
these tabulations, but were soon convinced that for greatest convenience to our 
own methods of work it would be better to train operators from our own staff, 
and to allow the machines to become the structure of a statistical department. 
In the end economies were effected both in the cost of tabulations and in the 
administration of the researches. 

Distinct advantages from the experience with mechanical tabulation have 
been revealed in line with the ultimate educational function of the institution. 
In the first place, it permits the research assistants, graduate and advanced 
undergraduate students, to become acquainted with the techniques of mechanical 
tabulation. Again, in the funding of the data from these social studies it is 
possible not only to develop detailed cross relationships of particular investi¬ 
gations, but without great difficulty to test the relationship of common features 
of several studies. 
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The use of the punched card in the compilation of data is illustrated in cer¬ 
tain of the studies of the department indicated below: 


Mining Study 


This study is the basis of the book, '‘The Plight of the Bituminous Coal 
Miner,” by Dr. Homer L. Morris. The field work of investigations for 
the study was carried on by means of a detailed schedule which was 
made up of nearly 80 items. The tabulation of these items was accom¬ 
plished by the use of a set of nine cards. The following is an illus¬ 
tration of the arrangement of the data on the cards. (Fig. 229.) 



Fig. 229 


Rural Studies 


“Shadow of the Plantation,” University of Chicago Press, 1934, by 
Charles S. Johnson, is one of the rural studies in a larger series. These 
studies were begun with the view of assembling material on the social and 





















































cultural life of the Negro in southern rural areas. Much of the data 
secured in course of the studies was adaptable to tabulation by means 
of the punched card system. An illustration of the arrangement of the 
material for the card follows. (Fig. 230.) 
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Negro Family Studies 

In the study of the Negro family in the United States, which is being 
carried on by Dr. E. Franklin Frazier, machine tabulations have been 
almost indispensable. An important phase of these studies has made 
use of material secured from the United States Bureau of the Census. 
Detailed original material not available in the census publications, cov¬ 
ering 13,000 Negro families, was taken from the original census records 
and transferred to special cards through code numbers. (Fig. 231.) 
The routine of punching and tabulating these cards was carried on in 
the tabulating offices of the Department of Social Science at Fisk 
University. 
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T. V. A. Surveys 

The purpose of these studies was to assemble a considerable body of data 
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on the social and economic status of the Negro population in the Ten¬ 
nessee Valley. 

The study fell, naturally, into two parts: (1) the investigation of the 
urban Negro population, and (2) the investigation of the rural Negro 
population. For both phases of this study a separate major schedule 
was constructed for use in the compilation of the data. Both schedules 
were designed for tabulation by means of the Hollerith punching ma¬ 
chine system. They covered a total of 6,000 families. (Figs. 232, 233 
and 234.) 



Fig. 232 



Fig. 233 






























































































































































In connection with the urban studies, data from the records of institu¬ 
tions were secured by means of special forms from which the information 
could readily be transferred to punched cards. (Fig. 235.) 



I’M. 235 

Attitude Study 


The study of social attitudes was an attempt to measure quantitatively 
as well as qualitatively racial attitudes, and involved the development 
of a scale and the direct and cross tabulation of 134 items from 6,000 
questionnaires. (Fig. 236.) 



Fig. 236 


The punched card in this instance was utilized to relate the various 
scores to environmental factors, educational levels, interests, and the 
section of the country in which the subjects reside. 


413 











































































Study of Negro College and Professional Graduates 

In course of this study data from many sources were prepared for use 
by means of the punched card system. (Fig. 237.) 



This study was reserved for final discussion of the application of the 
punched card system because it affords many unique examples of the part 
this system plays in the preparation of statistical materials. 

Once the data from questionnaires have been transferred to cards by 
means of the punched hole, important relationships between specific 
items in the data could be determined. For example, it was possible to 
secure some indications of the mobility of college graduates, by cross 
tabulating states of birth by states of residence with the states in both 
instances arranged in the same order; those bom and living in the same 
state appeared on the table along a straight line running diagonally across 
the table. In the same manner a correlation between incomes and value 
of property could be revealed in a scatter diagram when these two items 
are cross tabulated. 

The very considerable volume of the tabulations, the demand for prompt¬ 
ness and accuracy, the distinct aid to analysis of quick comparisons, and the 
testing of obscure relationships, make these machines invaluable to any ef¬ 
fective research which involves figures. 
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PART X 


Applications of Specific Methods to the Solution 
of Statistical Problems 




PART X 


Applications of Specific Methods to the Solution 
of Statistical Problems 

CHAPTER I 

Uses of the Automatic Multiplying Punch 

By 

H. C. Carver 

Associate Professor of Mathematics and Statistics, University of Michigan 

THE recent development of the Automatic Multiplying Punch is unquestion- 
ably the most important contribution to the mechanics of mathematical 
statistics since the invention of adding and multiplying machines. By enabling 
one to compute moments and product-moments exactly and without the group¬ 
ing of variates about class-marks, corrections such as those due to Sheppard are 
unnecessary for practical computations. Indeed, it is even possible to evaluate 
linear functions of one or more variables with this machine, and subsequently 
print the graduated values on a scroll—these results being “rounded off” to any 
desired number of decimal places. 

In order to provide an actual problem to serve as an illustration, I secured 
the anthropometric records of one thousand first year male students who entered 
the University of Michigan in the fall of 1928. The 1,000 cards, of which 
Fig. 238 is a sample, were punched by an operator of average ability in slightly 
less than three hours. 

A standard alphabetic printing punch was used that both prints the words 
or numbers on each card and also translates the information into properly 
punched holes in the card. 

The data for the students were selected at random and the cards, as punched, 
were numbered consecutively from 1 to 1,000,—the card selected for Fig. 238 
being the 275th. The weight to the nearest pound of this individual was 125 
pounds, and the height, width of shoulders, and the circumferences of chest, 
waist, hips and right thigh were, respectively, 64.0, 16.8, 34.2, 26.0, 34.3 and 
20.2,—linear measurements being made to the nearest one-tenth inch. 

These 1,000 cards may now be placed in a tabulating and listing machine 
which can total all seven of the data fields simultaneously. If desired, the 
machine will also print all of the information of each card on a scroll together 
with the totals. The first and last parts of this scroll are reproduced pho¬ 
tographically (Fig. 239)—the names of the individuals being omitted pur¬ 
posely. Because of both the number of columns involved and the magnitudes of 
the totals, the listed totals unfortunately run together. The vertical lines, 


417 



''BEORGE S BROWN 

It li I 


ENS 32 

I I 


087* 12* (40 14» 342 2(0 34 3 202 


ib ai i i 

91l9l9l99l9ll»llll9l991l49lll»19l9l991lllll99l9ll99|9lllllll919llllllllltlllllll 


111 1 1 I 1! II I III I 11 It IIItlllt 
722222222123222222222222122 
323333233322323133232338)23 


1 ill I I I 

2 2 212 2 2 


I till I 111M11 I I 1 I I I 1 I I 31 I I 1 I I 1111 11 1 I 11 11 
22222222(282222222|2|22222232222222222222 
33)1338)313)33|3|1)3313131333)131331)1313 


444*44444444444444444444444 
nsBsssIss sisnlssiBIssnss 
• illlltillllllltli lllllt IK 


4444444fl4444444|444444*|4444444444444444444444444 

|55S|55555555555S5S5S55555S55555I5555I5555335555» 

ItltltliSItltf t S(t (1st it Kilt (Hill tllllltlllt ill 


nl inim mm milium 

imiiiiiimitiiiiiiiiiiii 
99 9 S9|9 9 3 m|9))mniimi 


I | J < I I I I I * II « B 1* '» * 


J 7 7 Mill 7 7 7 7 7 T|7 II11II 7 21111 7171312 111 mill 7 7 7 1 Jill 1 7 7 7 7 7 II ?1»T 

lllll»lllllllllll9e9IIH»ll|l»lll9HIII9l9l9lll9«HlHII«»lltHi 

1999199919991999319999999999999999939999999999919999939311919993 

IM*9*»l9BBII»»2)|l»»ai»»*l»*n»H«*«C7«J*»0«09*«JIJI 32 S3 *» Mil C D *« « ■ 97 tl MW T9 B B M l*-» IT BUM 

UW1ISt» fit 1W BWft HTfT 1.772,<»? 


Fig. 238 

Sample of tabulating card used in Anthropometric Study 


inserted with a pen, facilitate the reading of the totals. The cards are totaled 
and listed simultaneously at the rate of 80 per minute. 

An investigation of the correlation that may exist between height and weight 
will involve the numerical value of 


1000 

2 Xi yi 
%~i 

where xi and yi, designate the height and weight, respectively, of the i th in¬ 
dividual. The plugboard of an Automatic Multiplying Punch may be wired 
in a few seconds so that 

(a) the data of columns 34, 35 and 36 of Fig. 238 will feed into the mul¬ 
tiplier of the punch, 

(b) the data of columns 38, 39 and 40 will feed into the multiplicand, 
and then 

(c) the product, xy, for any card run through the machine will appear 
on the product summary counter. As the cards pass through the 
machine, the total of the products is accumulated on this counter. 

If desired, each product may be punched automatically in the card, provided 
of course the card contains a sufficiently large number of otherwise vacant 
columns. The maximum number of digits in current models that may occur 
in either multiplier or multiplicand is eight. The number of digits in the 
multiplicand does not affect the speed of the multiplication; for three or less 
digits in the multiplier the cards feed through the machine at the rate of three 
seconds per card,—for eight digits in the multiplier the speed is twelve cards 
per minute. One may therefore place our cards in the machine, press a button, 
resume other duties, and some fifty minutes later the 1,000 cards will have 
yielded the total 

2 xy = 9 477 433.6 

To obtain the sum of the squares of the variates in question it is necessary 
only to double-wire the machine,—one wire going to the multiplier and the 
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Fig. 239 


Section of tabulated list of cards showing totals 


other to the multiplicand. We obtain then 

2 x 2 = 4 615 312.12 2 rf = 19 692 452 

By permitting the machine to punch each value of x 2 in the card, we may 
treat x 2 as the multiplicand and x as the multiplier and then obtain the sum 
of the cubes of the variates; or by double-wiring x 2 obtain the sum of the 
fourth powers of the variates. If, while accumulating the cubes of the variates, 
we let the machine also punch each cube in the card, we may then obtain the 
sum of the powers of the variates up to and including that of the sixth order, 
etc. We are limited, of course, by the fact that the card contains eighty 
columns. 

By running the punched cards through a sorting machine, we may obtain 
very readily the frequency distribution of the weights, and also the correspond¬ 
ing median, quartiles, etc. To accomplish this the cards must be run through 
a sorting machine three times, first sorting on column 35 of Fig. 238, then on 
column 34 and finally on column 33. The cards pass through the sorting 
machine at the rate of 400 per minute, so that in approximately eight minutes— 
including time spent in handling the cards between sorts—these 1,000 cards 
will be perfectly arranged according to magnitude in weight. If the numbers 
with respect to which the sort is to be made contain N digits, the cards must 
be run through the sorter N times. We reproduce on the following page a 
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Fig. 240. Section of tabulator tape listing cards according to weight 
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photograph of the first part of a printed scroll obtained by running the cards 
through the listing machine after they had been sorted according to weight. 
(Fig. 240.) 

A rough notion of the functional dependence that exists between weight and 
the other six variables recorded on the cards may be obtained by permitting 
the machine to total these ordered-with-respect-to-weight cards in consecutive 
groups of 100. That is, we obtain the averages for numerically equal groups 
selected according to the weight-deciles. The six regression lines may therefore 
be plotted, approximately, from the following results: 


TABLE 1. 


Anthropometric Averages Based on Weight Deciles. 


Inter-decile 

Range 

Weight 

Height 

| Sh’der 

1 

1 _ 

Chest 

Waist 

Hips 

Rt.Th. 

First 

112.98 

65.133 

KS3Z3 

32.607 

25.748 

32.968 

18.133 

Second 

122.41 

66.659 

15.980 

33.663 

26.777 

33.927 

18.926 

Third 

127.85 

67.087 


34.421 

26.978 

34.387 

19.206 

Fourth 

131.98 

67.381 

16.334 

34.816 

27.622 

34.858 

19.554 

Fifth 

135.62 

67.937 

16.406 

34.860 

27.954 

35.081 

19.893 

Sixth 

139.54 

68.189 

16.651 

35.608 

28.065 

35.511 ! 

20.112 

Seventh 

143.87 

68.576 

16.789 

35.766 

28.513 

36.006 

20.438 

Eighth 

149.43 

68.895 

16.807 

36.116 

28.780 

36.420 

20.712 

Ninth 

156.01 

69.185 

17.022 

36.788 

29.537 

37.181 

21.444 

Tenth 

173.19 

69.854 

17.611 

38.596 

31.536 

38.826 

22.678 


If we had arranged the cards numerically with respect to height, instead of 
weight, we would have obtained the following results: 


TABLE 2. 


Anthropometric Averages Based on Height Deciles 


Inter-decile 

Range 

Weight 

Height 

Sh’der 

Chest. 

W aist 

Hips 

Rt.Th. 

First 

123.95 

63.339 

16.036 

34.201 

27.371 

34.217 

19.592 

Second 

130.97 

65.295 

16.261 

34.856 

27.984 

34.944 

19.929 

Third 

133.75 

66.367 

16.282 

34.787 

27.731 

35.152 

19.926 

Fourth 

136.28 

67.021 

16.570 

35.429 

28.329 

35.302 

20.084 

Fifth 

139.81 

67.623 

16.587 

35.379 

28.206 

35.499 

20.223 

Sixth 

140.60 

68.189 

16.532 

35.510 

28.184 

35.560 

20.008 

Seventh 

142.65 

68.806 

16.659 

35.550 

28.3S0 

. 35.821 

20.315 

Eighth 

143.44 

69.498 

16.638 

35.328 

28.065 

35.858 

20.205 

Ninth 

145.71 

70.412 

1 16.776 

35.778 

28.236 

35.960 

20.068 

Tenth 

155.72 

72.346 

16.996 

36.423 

29.024 

36.852 

20.746 
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A comparison of tables 1 and 2 reveals clearly that the right thigh measure¬ 
ments are more highly correlated -with weight than with height and this phe- 


TABLE 3. 

Relative Frequency of Final 
Digits in Observed Variates. 


Final Di^it 

Frequency 

0 

142 

1 

69 

2 

117 

3 

84 

4 

108 

S 

112 

6 

112 

7 

69 

8 

117 

9 

70 

Total 

1000 


nomena appears also to be true—though 
possibly less pronounced—for the shoul¬ 
der, chest, waist and hip measurements. 

By sorting the cards according to the 
last recorded digit of each weight, the 
tendency of observers to state results as 
multiples of two and five is apparent. 
The results presented in table 3 indicate 
that final digits of 1, 3, 7 and 9 are de¬ 
cidedly unpopular and this casts a re¬ 
flection upon the accuracy of the record¬ 
ed measurements. This type of bias is 
well known—in fact, census and mor¬ 
tality statistics usually present the same 
phenomena. Fig. 241, which follows, 
clearly illustrates this fact. 



Fig. 241 


To sum up: The punching sorting and listing machines provide a most 
economical and accurate method of recording and analyzing, non-mathematically, 
observational data. The punched-card system is especially effective in construct¬ 
ing frequency distributions and correlation tables when the data are very 
numerous. 
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PART X 


Applications of Specific Methods to the Solution of 
Statistical Problems 

CHAPTER II 

Uses of the Progressive Digit Method 

By 

A. E. Brandt 

Research Assistant Professor, Statistical Laboratory, Iowa State College 

TN the Iowa State College Statistical Laboratory, for a number of years, the 
-*■ sums of squares and sums of products necessary for correlation analysis 
and curve fitting by the method of least squares were secured by the method 
of “Machine Factoring” described by A. E. Brandt (1928). This method, 
through the use of punched cards and tabulating machines, eliminates a great 
deal of labor and lessens greatly the chance of error, and to the satisfaction 
of many careful and conscientious research workers, preserves the arithmetic 
accuracy of the original observations. This method was a vast improvement 
over previous methods involving the use of hand operated calculating machines 
or coding and the various schemes of determining frequencies. It did, how¬ 
ever, entail a certain amount of multiplication with a calculator. 

In the Fall of 1929, the manager of the Des Moines office of the Tabulating 
Machine Division of the International Business Machines Corporation, suggested 
that the progressive totalling feature of the tabulating machines might be used 
and thereby eliminate the multiplication on a calculator. His suggestion was 
followed and a scheme developed but it was used to a limited extent only. It 
had several defects, the chief one being the use of a set of nine prepunched 
cards which was added so as to insure a card in each pocket of the sorter. Since 
these cards were punched, certain correction terms had to be subtracted from the 
results obtained from the tabulator in order to get the desired quantities. 

In the summer of 1931, the present method was perfected and put into use. 
It has been used exclusively since that time. The method is so simple that 
any operator can be taught to use it with very little instruction. The necessary 
sums of squares and sums of products are secured from the tabulating machine 
tape by simple addition. Two good checks on the accuracy of results are 
provided. 

The method and the technique involved can be explained at the same 
time by the use of illustrative examples. Four examples will be given showing 
its use in multiple correlation, analysis of variance, analysis of covariance, 
and curve fitting. Since the statistical laboratory is at present provided with 
eighty column equipment, the illustrations have been run on that type. The 
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Fig. 243 

Tabulator Tape (Progressive Digit Sheet) used in Multiple Correlation Example 




symbols made familiar by 'Wallace* and Snedecor (1925, 1931)** will be used. 

Example I—Multiple Correlation 

The data for this example consist of observations on 451 swine used in 
type test studies by the Animal Husbandry Section of the Iowa Agricultural 
Experiment Station. Numerous measurements were taken at the beg inni ng 
and end of the experimental period and at intervals of 60 days during that 
time. All of the pertinent information was punched on cards according to 
the form shown in Fig. 242. For this example but four of the variables were 
used; namely, days on experiment, total feed per hundred pounds gain, weight 
at birth and final weight. 
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Fig. 242 

Tabulating Card used in Multiple Correlation Example 

The first step in multiple correlation analysis, following Wallace and Sned¬ 
ecor (1925, 1931), is the calculation of the simple correlation of each variable 
with every other and of the standard deviation of each variable. For these 
calculations it is necessary to have the sum of each variable, the sum of the 
squares of each and the sum of the product of each with each of the others. 
The sums of the variables are secured by direct tabulation but the sums of 
squares and of cross products are secured by progressive; digiting. 

In this laboratory it is customary to determine the grand total of each 
variable and of the card count at the beginning and, in the case of long runs, 
at the end of each run as a check on the accuracy of the machine work. The 
tape from the tabulator with headings and added notations is given in Fig. 
243. The grand totals and progressive totals for each variable are printed in 
a given column which is properly labeled. The variables appear on the tape 
in the same order from left to right as they appear on the card, an arrange¬ 
ment that is not necessary but generally very convenient. The variable sorted 
on is indicated at the left of the sheet. 

The grand totals were secured by ordinary tabulation. To secure the 
progressive totals the machine was plugged and the various switches set as shown 

* Mr. Wallace is now Secretary of Agriculture In President Roosevelt’s cabinet. 

** Correlation and Machine Calculation, Iowa State College, Division of Industrial Science, 
Department of Mathematics. 
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Fig. 244 —Section of Proof Sheet used in 
checking the accuracy of the sums of 
squares which appear on the progressive 
digit sheet. Fig. 243. 


in Fig. 245. The cards were sorted on 
column 68, that is, the units column of 
the right hand variable and removed 
from the sorter in the reverse of the 
usual order so as to present the cards 
bearing 9 in column 68 to the tabulator 
first, these bearing 8 second and so on. 
If any digits are missing as in column 
13, hundreds column of pounds of feed 
per hundred pounds gain, blank cards 
are inserted for the missing digits so 
that the 9 total will be printed 9 times, 
the 7 total 7 times and so on. The cards 
are next sorted on column 67, removed 
in reverse order and tabulated. The con¬ 
trol and indication plugging having 
been changed as indicated on the tabu¬ 
lator tape. This process is repeated 
until the cards have been sorted and 
progressively totaled on each column of 
each variable. A first check on accuracy 
is afforded at this point, for the last 
number in each group of progressive 
totals must be the same for an entire 
column and must equal the grand total 
for that variable. 

The tabulating having been finished 
the next step is to add each group of 
progressive totals and then total these 
sums for each block after affixing one 
zero at the right of the sum for the tens 
digits, two for the hundreds digits and 
so on. The sums of products may be 
checked at this point. It is clearly evi¬ 
dent that the sum of the products of 
final weight by days on experiment, 
block one column two, must be the same 
as the sum of the products of days on 
experiment by final weight, block four 
column five. 


The check on the sums of squares is not so convenient. It is made by 
determining the totals, not progressive totals, for each digit and totaling. If 
this sum checks with the grand total for that variable the work is correct. 
Thus, the check of the accuracy of the values from which the sum of the 
squares of final weight, block one column five, is secured is as shown in Fig. 244. 
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Fig. 245 

Diagram showing wiring of tabulator plugboard for Multiple Correlation Example 


11=451 




Pounds of 




Days on 

Feed per 100 

Birth 

Final 


Experiment 

Pounds Gain 

Weight 

Weight 


D 

F 

B 

W 

Sums 

87270.000 

192996.000 

1340.500 

106358.000 

Means 

; 193.503 

427.929 

2.972 

235.827 

D 1 

17438664.000 

37595328.000 

257377.800 

20740882.000 

2 

16887032.991 

37345362.887 

259391.174 

20580623.981 

3 

551631.009 

249965.113 

—2013.374 

160258.019 

4 

742.719 

812272.873 

9212.762 

709139.174 

5 


.308 

—.219 

.226 

F 1 


83784652.000 

573951.200 

45511034.000 

2 


82588585.284 

573638.824 

45513672.582 

3 


1196066.716 

312.376 

—2638.582 

4 


1093.648 

13565.734 

1044202.988 

5 



.023 

—.003 

B 1 



4138.230 

318039.000 

2 



3984.368 

316127.883 

3 



153.862 

1911.117 

4 



12.404 

11843.303 

5 




.161 

W 1 




25993720.000 

2 




25082098.702 

3 




911621.298 

4 

5 




954.789 

8’s 

35.012 

51.555 

.585 

45.009 


Fig. 246 

Calculation of Correlation Coefficients 
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The simple correlation coefficients (r’s) and standard deviations (8’s) are 
next calculated from these sums, sums of squares and sums of products as 
shown in Fig. 246. The numbers in bold face type are those secured from the 
tabulator tape, the other numbers being calculated from them. Detailed in¬ 
structions for the calculations in this table are given with Table 7 in Wallace 
and Snedecor. 

The multiple correlation coefficient and the standard regression coefficients 
can be found easily by following Table 8 and accompanying directions in the 
Wallace and Snedecor bulletin. Since the completion of this analysis in no 
way illustrates the method of progressive digiting, it will not be given. 

Example II—Analysis of Variance 

In examples II and III, results of testing* 1437 children at the Institute 
of Child Welfare at Berkeley, California, with the California Preschool Test, 
Schedule I, are used. These data were punched on cards of the form shown 
in Fig. 247. In this example only the information as to age groups, column 80, 
and the completions test scores, columns 52 and 53, are used. 



Fig. 247 

Tabulating Card used in example on Analysis of Variance. 


The method of Analysis of Variance is due to Dr. R. A. Fisher, the eminent 
British statistician, formerly of the Rothamsted Experiment Station, but now 
of the Francis Galton Laboratory of the University of London. Professor 
George W. Snedecor, Director of Statistical Laboratory, Iowa State College, 
presents in his book, “Calculation and Interpretation of Analysis of Variance 
and Covariance,” twelve examples illustrating as many types of problem which 
may be critically analysed by this method. 

For this example the type of problem illustrated in Snedecor’s Example 
2 is used, that is, a single criterion of classification and unequal numbers of 
observations in the classes. The criterion of classification in this case is age. 
To analyse this type of problem it is necessary to have the number in each 
class or group, the total of the variable under consideration for each class, 

* These data were secured from Miss Gertrude Cox formerly with the Institute of Child 
Welfare but now Kesearch Assistant In this laboratory. 
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Fig. 248 

Tabulator Tape (Progressive Digit Sheet) used in example on Analysis of Variance 

the total number of individuals, the grand total of the variable, and the sum 
of the squares of the observations of the variable. 

The tape from the tabulator is presented in Fig. 248. In order to secure 
the n umb er of children in each age group, the sum of the completions test 
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These diagrams illustrate the wiring of the tabulator plugboard in connection with the 
example on Analysis of Variance. 


scores for each age group, the total number of children and the total of the 
completions test scores for the entire group, as shown at the top of the 
tape, the cards were sorted on column 80, removed from the sorter in the usual 
order, that is, so that the 0’s were presented to the tabulator first, the 1’s 
second, the 2’s third and so on, and tabulated. The plugging diagram is given 
in Fig. 249. Next on the tape are shown the necessary tabulations for securing 
the sum of the squares of the 1437 completions test scores. As indicated by 
the headings, the cards were sorted on the units column of the completions 
test score (column 53), removed in the reverse order and tabulated with the 
machine plugged as shown in Fig. 250. The cards were next sorted on the 
tens column (column 52), removed in the reverse order and tabulated, control¬ 
ling on column 52 and listing the information in 52 in the second or tens 
position in counter 1. The simple addition indicated on the tape yields the 
sum of the squares of the 1437 observations. 

In the analysis of variance it is necessary to calculate the sums of the 
squares of the deviations of sets of observed values from their means and from 
these values and the number of degrees of freedom* appropriate to them 
to calculate the mean square or variance attributable to each source of varia¬ 
tion. The results of such calculations for the present example are given in 
Fig. 251. 

* For a non-mathematical discussion of “degrees of freedom’’ see page 9 in Calculation and 
Interpretation of Analysis of Variance and Covariance by Snedecor, published by Collegiate Press, 
Iowa State College, Ames, Iowa. 
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Source of variation 

Degrees 

of 

freedom 

Sum of 

squares 

Mean 

square 

Total 

1436 

62267.7 

43.36 

Between means of age groups 

8 

2510.0 

313.75 

Within age groups 

1428 

59757.7 

41.85 


Fig. 251 

Analysis of Variance of Completions Test Scores of children by age groups 


To compute the three sums of squares given in the above table proceed as 
follows: 

First, compute the correction term, thus 
(58269) 2 =1437=2362753.2 

Next, determine the total sum of squares, that is, the sum of the squares 
of the deviations of the 1437 observations from the mean of the entire group. 
By the method of progressive digiting, the sum of the squares of the 1437 
observations was found to be 2425021, as shown in Fig. 248. From this number 
and the correction term the desired quantity is determined, thus 
2425021—2362753.2=62267.7 

Then the sum of the squares of the deviations of the age group means from 
the mean of the entire group is calculated as follows: 

(8921) 2 . (6326)2 (2813) 2 (7292)2 , (9328)2 

213 ' 146 + 67 + 182 2 33 

(7161)2 (7302)2 (4287)2 , (4839)2 

181 + 186 + 110 119 

•— 2362753.2 = 2510.0 

Finally, the sum of squares within age groups is found by subtracting the 
between age group sum of squares from the total sum of squares, thus 
62267.7—2510.0=59757.7 

The mean square for each source of variation is found by dividing each 
sum of squares by its corresponding number of degrees of freedom, thus 
62267.7=1436= 43.36 
2510.0= 8=313.75 

59757.7=1428= 41.85 

In the above calculations the quantities taken directly from the tabulator 
sheet are in bold face type. 

For a discussion and interpretation of the results given in Fig. 251, see 
Calculation and Interpretation of Analysis of Variance and Covariance by 
Snedecor, pages 14 to 20 inclusive. 
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Fig. 252 

Diagram showing the wiring of the tabulator plugboard for example on 
Analysis of Covariance 


Example III—Analysis of Covariance 

Snedecor’s Example 10, two variates, single criterion of classification, 
illustrates the type of problem which is used to explain the use of the tabu¬ 
lating machines in the analysis of covariance. The cards used for Example II 
were used again with another variable; 8 scores, columns 60 and 61, Figure 247, 
being used. The criterion of classification, then, is age, column 80 and the 
variables are completions test scores, columns 52 and 53, and 8 scores, columns 
60 and 61. In principle the computation is the same as in Example II. In this 
case, however, there are two variables so that the same quantities must be 
calculated for each variable as were calculated for the one variable in the pre¬ 
ceding example and in addition the sum of the products of the completions test 
score and the S score for each of the 1437 individuals must be found. 

The first step in securing the necessary quantities was to sort by age groups 
(column 80) and tabulate with the machine plugged as shown in Fig. 252. This 
tabulation appears at the top of the tabulator tape, Fig. 253. Then by the 
method of progressive digiting as explained in the two previous examples, 
the progressive totals necessary to obtain the two sums of squares and the 
sum of products were tabulated, Fig. 253. 

For a problem of this type, three correction terms are needed, as follows: 

for completions test scores, 

(58269) 2 -M437=2362753.2; 

for 8 scores, 

(70969) 2 -wl437= 3504940.1; 

for products, 

(58269) (70969)-1-1437=2877726.2, 

The total sums of squares and products of deviations from means of the 
entire group are 

for completions test scores, 

2425021 — 2362753.2=62267.7; 
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8 
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524 0 

9 
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48 3 9 

5866 

TOTAL 

1437 

68269 

70969 


PROGRESSIVE TOTALS 
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4870 

to 

603 1 

10 13 7 

12 3 8 1 

16 18 1 

196 1 3 

2176 6 

26299 

2725 1 

3 30 09 

33 19 9 

403 2 3 

3857 2 

46756 

46027 

55926 

50985 

619 99 

5826 9 

70969 


15 8 

247 

1592 

23 48 

10899 

15060 

31877 

4164 1 

51 174 

6 389 3 

57160 

700 47 

58121 

70893 

58 247 

70966 

58 26 9 

70969 



528 5 

672 3 

10645 

13112 

17269 

20 98 3 

21 19 5 
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3908 8 
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Fig. 253 


Tabulator Tape (Progressive Digit Sheet) used in example on Analysis of Covariance 


432 




Fig. 254* 

Analysis of Variance and Covariance, Completion Test scores and 5 scores of 
1437 children by age groups 


for 8 scores, 

3653287.0 — 3504940.1=148346.9; 
products, 

2941268 — 2877726.2=63541.8 


The sums of squares and products between means of age groups are for 
completions test scores, 

(8921) 2 , (6326) 2 , (2813) 2 (7292) 2 . (9328) 2 (7161) 2 

213 ^ 146 67 ^ 182 " 1 ” 233 181 

+ + SffiL -2362753.2 = 25.0-0; 

for 8 scores, 

(10641)2 (7472)2 (3293)2 (9063)2 (11376)2,(8956)2 

213 + 146 + 67 182 ~ t " 233 181 


+ <^fl +S2221 + i^£i_3504940.1 = 1058.2; 

loo 11U 119 

produets, 

(8921) (10641) . (6326) (7472) . (2813) (3293) . (7292) (9063) 
213 ~ + ~ 146 67 182 

(9328) (11376) (7161) (8956) (7302) (9072) (4287) (5240) 

23-? ' 181 18fi ‘ llfl 


+ - 4839) (5856) — 2877726.2 = 1329.3 

119 

The quantities in the above computations which appear in bold face are 
taken directly from the tabulator tape. These results are entered, in Fig. 254. 
The sums of squares and sum of products within age groups are secured by 
subtraction. 

♦ For a discussion and interpretation of the results given in Fig. 254. see Calculation and 
Interpretation of Analysis of Variance and Covariance, by Snedeeor, pages 7*0 and 71. 
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The mean squares are found by dividing the corresponding sum of squares 
by the appropriate number of degrees of freedom. To determine the corre¬ 
lation coefficients, divide a sum of products by the square root of the product 
of the corresponding sums of squares. Thus, for -within age groups, 

_ 62212.5 _ 

y (53757.7)(147233.7) 

= .6651 

The regression coefficients are calculated by dividing a sum of products by 
the corresponding sum of squares of the independent variable. The coefficient 
of regression of S score on completions test score for within age group is 

b 62212,5 
“ 59757.7 
= 1.0411. 

Example IV—Curve Fitting by the Method of Least Squares 

A problem which often arises in scientific or technical investigations is to 
determine the relation which exists between two quantities or variables. This 
involves the selection of a type of curve which will approximate the data and 
the determination of the constants or parameters of a curve of that type. If 
a polynomial of the form 

y = a -f- bx -f- cx 2 -f- dx s +•••-}- kx n 

has been chosen to represent the relation between two quantities x and y, it 
is necessary to determine the degree needed and then to evaluate the constants 
a, b, etc. 

To determine the degree equation that will approximate the data, a difference 
table may be set up. The values of the independent variable, x in this case, 
must be equidistant. Part A of the following table, Fig. 255, illustrates the 
point for a first degree or linear equation. 
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Fig. 255 
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GRAND TOTALS 



PROGRESSIVE TOTALS 


374 1 0 
67750 
9904 0 
1 3330 0 
1 665 5 0 
198810 
234100 
270440 
299850 


2911140 
5112620 
7406540 
9995 300 
12432800 
14872040 
17565 120 
20 36 5 640 
22477500 




£5254 

.30700 

2530856 


900 

127300 

63880 

5 142240 

70 

1 703 

246510 

1 2262 5 

9847511 



311512 

1 4668 5 

11616335 

50 


380879 

175225 

13790071 



4 56736 

198165 

15338335 



525769 

227825 

17627511 

20 

3800 

626373 

255970 

19455740 

10 

4128 

50 50 

6 9716 1 

8 497 4 1 

2 747 5 0 
"3TS"3'5TT 

20633 3 5 5 

25 5 025 00 


90 0 

4 1-6 

78292 

2630 2 

800 

725 

145361 

408 7 5 

700 


205600 

709 3 1 

600 

1762 

314429 

108374 

500 

2 393 

408667 

154727 

400 

&740 
'3 7 67 

474394 

180928 

300 

5794 46 


200 

3639 

6 13 8 4 3 


100 

4131 

50 50 

6 98 83 9 
64974 1 

274865 

338350 

9000 

2 58 

66672 

2008 6 

eooo 

8 58 

1£4243 

55390 

7000 

1295 

23792 1 

e282 1 


1 86 0 5 60 
2659397 
5077147 
7752942 
11 46 3-3 61 
13435666 
16434245 
18242493 
20631057 
25 5025 00 


1354882 
4023684 
5943491 
7699951 
9133053 
13431207 
15 5 15 087 
18020010 
2183*281 


90000 


61970 

2080 2 

146 9316 

80000 

736 

1 3006 8 

5263 2 

3982414 

70000 

1366 

228442 

100028 

7754924 

60000 

1566 

276975 

1 104 3 0 

831*264 

5 0000 

2200 

3 96123 

164218 


40000 

2644 

4 56210 

156756 

14 18 7 0«6 

3 0-00 0 


5 49010 

2 25039 

17103133 

20000 


638980 

2 5 32 3 2 

19037630 

ioooo 

42 90 
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6 497 4 l" 
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3 3 6356 

21 ->24624 

' M&'GuZVG 


900000 
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7 00000 
600000 
600000 
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1 00000 


2881 4 
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1 2724 0 
160870 
196001 

2 303 29 
2 6 16 2 1 
2 9 4 S 3 9 


2824164 
6201216 
916 7444 
11767600 
1451 * 900 

1 7 J 07 099 
19613979 

2 15 7 4 9 79 
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* 6 6 6 8 O 

133100 

1 66 3 £ C 

2 3 30 3 C 

1 ? 5 0 3 0 

2 3 3 0 3''. 

;■ c o p * c 
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4 ^37 000 
1987 000 
9965 COO 
1 2 4 e 9 6 00 
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5i eoc 

6430 4 
1 036 8 0 

\ 1*604 
1 l ( 0 4 C 

1 69 38 4 

2 -17 3 C 
255994 
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3770003 
1 4 1 4 600 

7 55 9 000 
0 * 7 6 C 'lO 
I 1 * . * C ** 3 
1 7 * 9 7 * 0 0 
17769*00 
19S99103 


294 3 2 
6430 1 
990 08 

1 382 9 3 
157549 

2 004 38 
r 252 4 1 

569178 


205 3988 
4917759 
7401395 

10 39 9 02 5 

11 793 2 79 
15 1 1 34 36 
16795053 
29 206 080 


<705 * 
S 9 3 S £ 
1 3 4 2 9 6 

1 7 319 * 

2 113 5 5 

2 43006 
27439 6 
29F9GO 

3 179 3 4 


456*275 
&45 24 75 
1? 35 0304 
15484491 
1-9327 2 7“> 
20433244 
27 297 2 75 
23522400 
24256484 
25 502500 


24396 
59280 
8490 1 
1 2428 £ 

1 494 8 1 

2 16 2 6 5 

2 4*4 6 1 
286070 

3 194 66 


1659400 
4 36 *7 80 
6227 065 
9 214 105 
10'->8*225 
1625 3845 
19640*05 
215 1 1540 
24144680 


59158 
8986 4 
1 23197 
1 59586 
188690 
21*944 
249660 
26912 ? 
3 0 2 8 3 7 


4855730 
6 79 3386 
9145651 
11*39168 
1 396 0854 
15720182 
18657618 
20193937 
22983611 


90 0 

072 

16135 1 

£24 4 6 

4654 329 

900 

1744 

243034 

9461 2 

706 94 76 


2 824 

333392 

121948 

891*846 

60 0 

2 17 1 

3 9537 9 

145301 

19 64 2607 


2723 

4 P855* 

1 F 2 6 6 1 

1316 4 89 3 


3249 

506531 

2 14390 

15*5*132 

300 

3529 

639975 

2 30996 

16813062 

200 

40 59 

705764 

271191 

20192511 


4576 

5 0 5U 

7 P 4 3 6 2 
049741 

3040*8 

"TTFTT5- 

-nmiss- 


9000 

205 

378 1 5 

12 3 09 

8000 




7000 

682 

110355 

*3770 

6000 

957 

142927 

635 8 5 


1132 

164829 

746 1 0 


2 6 29 

476369 

174475 

3000 

3408 

605799 

2 276 3 0 

2000 

40 13 

705652 

267819 

1 000 

4 6 06 

1 5 0 5 0 

794059 

"TTTSTTT 

307806 
3 3&i5<5 


059663 
2433816 
3295396 
4959641 
5 049416 
12 76 2667 
16807908 
19848017 
22 98 34QQ 
2£> 5 62 500 


374 1 0 
7 37 50 
1 0 9 0 4 0 

1 43300 
176550 

2 088 1 0 
2 <010 C 
27044 0 
299850 


3938 5 
160870 

2 164 5 £ 
256140 
287925 
307810 

3 197 9 5 
3 2588 0 
3 280 6 £ 


7911140 
5711660 
8404740 
10993500 
13481000 
15 870240 
19:64160 
20 36 5 640 
23 *7 7 ‘00 


843 24 75 
1451*900 
13670275 
21 36 9 600 
2 3 0 C1875 
23894 100 
24 31 32 75 
2446*400 
245 004 7b 


Fig. 256 

Tabulator Tape (Progressive Digit Sheet) used in example on 
Curve Fitting by the Method of Least Squares 



In part A of the foregoing table the first differences of y, Ay, are constant 
which indicates that these data can he represented by a first degree equation 
of the form y=a-j-bx. In this case but two constants, a and b, need to be 
determined. To find them by the method of least squares requires the simul¬ 
taneous solution of the following two normal equations: 

2y=na+b2x 

2xy=a2x-|-b2x 2 , 

in which n is the number of observations and S indicates the sum of. 

In part B of Fig. 255 the second difference of y, A 2 y, are constant indi¬ 
cating that an equation of the form y=a+bx+cx 2 will represent the data. 
By the method of least squares the three constants a, b, and c are found by 
solving the three normal equations: 

2y=na-j-b2x-f-cEx 2 

2xy=a2x-)-b2x 2 -f-c2x 3 

2x 2 y=aSx 2 -|-b2x 3 -f-c2x 4 . 

For this example, a set of data was made up such that the third differ¬ 
ences would be approximately constant indicating that a third degree equation 
would represent the relation between the independent variable, x, and the 
dependent variable, y, that is, y=a-f-bx-j-cx 2 -|-dx 3 . The normal equations 
for determining the parameters a, b, c, and d by the method of least 
squares are: 

2y=na+b2x-|-c2x 2 +d2x 3 

2xy=a2x -f-b2x 2 - j- c2x 3 -j-d2x 4 

2x 2 y=a2x 2 +b2x 3 +c2x 4 +d2x 5 

2x 3 y=a2x 3 +b2x 4 -f-c2x 5 -f-d2x 6 

To solve these equations it is necessary to find the sums of the first, second, 
third, fourth, fifth and sixth powers of x (2x, 2x 2 , 2x 3 , 2x 4 , 2x 5 , and 
2x 6 ); the sum of the y’s (2y); and the sums of the products of y by the 
first power of x, of y by the second power of x and of y by the third power of x 
(2xy, 2x 2 y, and 2x 3 y). By using the multiplying punch and the method of 
progressive digiting, these quantities are readily obtained. 

The paired values of x and y were punched in the first two fields as 
shown in Fig. 257. Then, by plugging the field x both as multiplier and mul¬ 
tiplicand, the cards may be run through a multiplying punch and the product 
x 2 be punched in the third field marked x 2 in Fig. 257. Then, by plugging 
the x field as one factor and the x 2 as the other, the cards may be run 
through the multiplying punch again and the product x 3 be punched in the 
fourth field. The cards are then ready to be tabulated by the progressive 
digiting method. 

The tabulator tape is shown in Figure 256. The quantities used in this 
example are rather large and were so selected in order to give an adequate idea 
of the capacity of the machines. The columns were added as in the previous 
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Fig. 257 

Tabulating Card used in example on Curve Fitting by the Method of Least Squares 


examples and the usual checks for accuracy applied. The necessary sums 
were found to be 

Ex =5050 
Ex* —338350 
Ex* =25502500 
Ex* =2050333330 
2x5 =171708332500 
Ex 8 =14790714119050 
2y =849741 
Exy =50907755 
2x 2 y=3396686895 
2x*y=242976478895 

and n is 100. Substituting these values in the above four normal equations 
and solving yields the following approximate values for the constants 

a = 91.67 
b = 3.14 
c = 9.952 
d = -0.0997 

The empirical equation which approximately represents the relation existing 
between y and x is 

y=92+3.1 x+10 X 2 —0.1 x* 

No attempt has been made to present all the types of statistical problems 
in which the method of progressive digiting could be used. However, four 
rather general types have been presented and the persons who become familiar 
with the method through application to one or more of these four should be 
prepared to use it in the solution of other problems. 
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